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THE CELLULAR MECHANISM OF RECOVERY AFTER TREATMENT 
WITH PENICILLIN 


I. SuBpacutTe BACTERIAL ENDOCARDITIS 


Ropert A. M.D. 
Str. Louts, Mo. 


HE efficacy of a therapeutic agent may be evaluated in a number of different 
ways. The usual method is to observe the effect on the clinical course of 
the disease and to determine the per cent of patients who develop sequelae and 
the mortality rate with and without the agent. In this paper a little used but 
exceedingly valuable method of evaluation will be presented—the study of 
tissues from patients who have been treated with some therapeutic agent and 
subsequently die of the primary disease or of a complication. 

This approach has the advantage of demonstrating the cellular mechanism 
by which a therapeutic agent facilitates healing. In this manner more may be 
learned of the nature of the disease, how progress of it is halted, and how repair 
is accomplished. Then the physician is in a position to employ the therapeutic 
agent more effectively or to reinforce the specific treatment with other agents. 


BASIS OF STUDY 


My interest in the process of healing after treatment with penicillin which 
led to the following investigation was first aroused in January, 1948. At that 
time the Department of Pathology at the Washington University School of 
Medicine performed an autopsy on a young woman, 33 years of age, who pre- 
sumably had an induced abortion. On admission to the Barnes Hospital on 
Dec. 26, 1942, the patient stated that she had had prolonged vaginal bleeding 
Which started a few days before her expected menstrual flow on December 19. 
Twenty-four hours before admission she experienced a severe shaking chill 
and thereafter had a fever. To summarize briefly, the physical signs and the 
couse in the hospital were those of a staphylococcal septicemia with endocarditis. 
Cultures of the blood, sputum, urine, and uterine canal were positive for a 
her lytie Staphylococcus aureus. The patient was given penicillin for five days 
for » total dose of 320,000 units. The blood culture became negative on the 
secoud day of treatment and remained so until death on Jan. 2, 1943, seven 
day after entry and five days after penicillin was first given. 

‘he immediate cause of death was cerebral hemorrhage, probably from 
rup. uve of a mycotic aneurysm or erosion of an artery by an abscess, although 
neii <r of these could be demonstrated. 


“om the Department of Pathology, Washington University School of Medicine. 
iis investigation has been carried out under a contract recommended by the Committee 
on i cal Research, between the Office of Scientific Research and Development and Wash- 
ingt niversity. 
‘cceived for publication, Sept. 1, 1946. 
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The histologic structure of the cervix, endometrium, a small bit of retained 
placenta, ovary with a corpus luteum, breast, and pituitary indicated that the 
woman had been pregnant for approximately three months and that an inter- 
ruption of the pregnancy oceurred about ten to twelve days before death and 
was followed by an infection. The lesions of greatest interest were in the heart 
and the kidneys. 

Three vegetations on the thickened mitral valve were not unusual in eross 
appearance. Microscopically they were not typical of acute bacterial endo- 
carditis. The-most conspicuous difference from the characteristic appearance 
was the absence of a laver of bacteria and fibrin on the surface. A culture 
showed a few staphylococci, and in sections stained for bacteria a few e@ram- 
positive cocel were observed. 

The kidneys were enlarged, and over the surface were numerous small (1 to 
2 mm. in diameter), depressed, red foci. The foci were collections of Llympho- 
cytes, plasma cells, and a few leucocytes with minimal necrosis. 

Although there are other possible explanations of these observations on the 
heart and kidneys, it seemed at that time that both might be considered as heal- 
ing or abortive variants of staphylococeal pyemia. 


PLAN OF STUDY 


Because of the interest this case aroused, thereafter the autopsies on patients 
treated with penicillin at the Barnes Hospital were studied a little more than 
was required by routine demands. It became apparent that a satisfactory study 
could not be made on the limited material of one hospital. Accordingly, an 
application was made to the Committee on Medical Research of the Office of 
Scientific Research and Development. The suggested investigation contemplated 
collection of histories, autopsy protocols, and tissue from all hospitals in which 
penicillin was used in 1943 and 1944, this investigation to be conducted under 
the auspices of the Committee. The proposal was authorized, and in the fall of 
1944 the materials for study were secured in visits to twelve hospitals and 
schools, the staff of which were most cooperative. 

Over 100 cases were available fer study in four categories, namely, sub- 
acute bacterial endocarditis, pyemia, pneumonia, and meningitis; of these, the 
first, subacute bacterial endocarditis, illustrates most of the general principles 
and will be discussed in this paper. No review of the literature is ineluded but 


only personal observations, many of which have been made previously by others. 


As a control, eight cases from the files of the Department of Pathology were 
studied. These patients died between 1933 and 1935 and received no specifie 
therapy. 

THE NATURE OF THE VEGETATION IN| ENDOCARDITIS 

As the study proceeded it became increasingly clear that the observa ons 
could not be explained if the usually accepted idea of the nature of a veget: tive 
endocarditis were accepted. In most textbooks the terms vegetation and th vom- 
bus are used interchangeably, and it is stated or implied that the veget: ‘ion 
is a thrombus. 
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In a perfectly formed vegetation of bacterial endocarditis, acute or sub- 
acute, there are three definite layers: a large central mass of necrotic, relatively 
acellular, fibrillated debris; a more peripheral layer of bacterial colonies; and a 
most peripheral layer of delicate fibrillary acellular material. There are slight 


differences in layers 1 and 3, but superficially they appear to be similar. Tf a 


vegetation is stained for elastic fibrils or for collagen, fragments of these are 
seen in layer 1 but not in layer 8. Further, stains for fibrin show a network in 
both, but in layer 1 the threads of fibrin constitute a small part of the total mass. 

Since elastic and collagen fibrils are observed regularly in the central core 
of the vegetation, which constitutes three-quarters to seven-eighths of the total, 
it logically follows that this part is necrotic tissue and not thrombus. Careful 
study of the pattern of the fibrillary structure further confirms this. The 
whorls are identical with those present in the valve of chronie endocarditis. 

Discussion of the implications of this conclusion on the pathogenesis and 
postulated growth of vegetations will be postponed until presentation of the 
observations on healine of subacute bacterial endocarditis, 


EFFECT OF TREATMENT WITH PENICILLIN ON SUBACUTE BACTERIAL ENDOCARDITIS 


Krom the twenty-two cases studied, five. have been selected which illustrate 
the essential features. 


CASE 1.—Barnes Hospital Autopsy No. 11,617. A 56-year-old white woman was ad- 
mitted to the hospital on March 14, complaining of the following symptoms: exertional 
dyspnea and pain in the cardiac region since childhood; weakness, loss of weight, and chills 
and fever for six months; and abdominal pain and swelling of the legs for two months. 

There were petechiae in the conjunctivae and on the fingers and toes. The heart was 
slightly enlarged. The liver and spleen were palpable and tender. Blood cultures showed 
Actinomyces bovis and alpha hemolytic streptococci. Beginning on March 15, the patient 
was given 40,000 units of penicillin intramuscularly every two hours for four days without 
benefit. Sulfadiazine was then given, and levels of 10 to 15 mg. per cent were obtained. 
On Mareh 25 penicillin was begun again at 40,000 units every two hours and increased to 
80,000 units every two hours on March 26. Many embolic phenomena developed and cardiac 

‘ure increased. The patient died March 30, Penicillin was last given one hour before 
th, and the total dose was 6,720,000 units. 

The anatomic diagnosis included: chronic endocarditis of the mitral and tricuspid 

es; subacute bacterial endocarditis of the tricuspid and mitral valves and posterior wall 
ie left atrium; infarets of the heart, spleen, liver, and kidneys; and focal embolic 

‘rulonephritis. 

\ section of the mitral valve (Fig. 1) shows two vegetations, one sessile mass (4) 

the line of closure and a larger pedunculated vegetation (B) nearer the base. In 

(designated as area 2 in Fig. 1) is shown the entire thickness of the pedunculated 
ation. There are thin layers of tissue on each side enclosing a necrotie centrum. The 
lation tissue extends outward on the surface to a point just short of the large bae- 
masses (Fig. 3, designated as area 3 in Fig. 1). A higher-power view of the super- 
issue and deeper necrosis of area 2 is given in Fig. 4. The junction of the tissue with 
‘rotic bulbous end of the vegetation is depicted in Fig. 5. 
‘he appearance of Figs. 1 to 5 may be explained as a proliferation of tissue through 
iperficial layer of fibrin and bacteria. As the capillary vessels, fibroblasts, and leu- 
advance, the bacterial colonies are destroyed. In this vegetation the process has 
ed about two thirds of the way from the base to the apex of the vegetation. 
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Fig. 1.—(Case 1.) Two vegetations of subacute bacterial endocarditis on the mitral 
valve, one pedunculated and one sessile. 

Fig. 2.—(Case 1.) The stalk of the pedunculated vegetation from area 2, marked 
Fig. 1. Note the tissue in the superficial parts on both sides and the central necrotic core. 

Fig. 3.—(Case 1.) Higher power view of area 3, marked on Fig. 1. The tissue on 
left is approaching the bacterial colonies on the right. Note that bacteria have disapp¢ 
from the part of the vegetation already organized. 
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ig. 4.—(Case 1.) Higher power photomicrograph of area 4 in Fig. 1. The super- 


fici: it of the vegetation is composed of a loose fibroblastic tissue with a distinct line of 


dems: ation from the underlying necrotic core. 
ig, 5.—(Case 1.) Appearance of the more distal extension of the tissue in Fig. 3. As 


in Fi. 4, there is a sharp demarcation between the tissue and the necrotic core below. 
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In some instances organization may also proceed from the entire base of the vegetation. 
In the sessile vegetation B, there are successive layers of dense connective tissue, granulation 
tissue, lacunae filled with leucocytes, and bacterial colonies embedded in a granular debris 
(Fig. 6, designated 6 in Fig. 1). The lacunae (Fig. 7) probably represent former bacterial 


colonies which have been phagocytized and destroyed. 


Case 2.—Barnes Hospital Autopsy No. 11,779. A 55-year-old white man was admitted 
to the hospital on May 8, 1945. Five years previously he had a left-sided hemiplegia, with 
almost complete recovery except for genersl weakness until six weeks previously when he 


began to notice swelling of the feet and ankles and an increasing number of petechiae. More 
recéntly he had difficulty in speaking clearly. 

On May 14 a blood culture showed alpha hemolytic streptococci. Penicillin was started 
May 17, 40,000 units every two hours intramuscularly for fourteen days. The blood cultures 
remained positive. On June 1 penicillin was increased to 50,000 units every hour, The 
organism was then found to grow in concentrations of 20 units of penicillin per cubic 
centimeter. Penicillin was stopped on June 5 and begun again, 50,000 units every hour, 
on June 12. On June 17 test injections of 100,000 units were given intravenously every two 
hours and blood levels taken. Five minutes after injection the level was about 16 units per 
cubie centimeter. On June 18, 50,000 units every hour intramuscularly were begun again 
and continued until June 20, for a total of 22,610,000 units. 

At that time the patient refused further injections of penicillin and signe! himself 
out of the hospital, under protest, on June 28. He was readmitte] July 22; the edema wus 
worse, the petechiae were more abundant, there were small pustules on both hands, and lie 
complained of shortness of breath. No chemotherapy was attempted because of evidence 
of extreme renal and hepatic damage. The patient developed pulmonary eCcema on July 
31 and died on Aug. 1, 1945. 

The anatomic diagnosis included: chronic endocarditis of the mitral valve; subacute 
bacterial endocarditis of the mitral and aortic valves and wall of the Jeft atrium: subacute 
bacterial endarteritis of the ascending aorta; recent and healed infarcts of the spleen and 
kidneys; focal encephalomalacia of the occipital lobes and left cerebellum; focal embolic 
glomerulonephritis; and miliary abscesses of the myocardium. 

Sections from the vegetation on the mitral valve show well the process of phagocytosis 
of bacteria, destruction of the colonies, and formation of lacunae. In Fig. 8 part of a 
colony has been destroyed and the remainder broken into smaller fragments. A large lacuna 
with only a small mass of bacteria at one side is depicted in Fig. 9. As the colonies are 
destroyed, large numbers of bacteria are seen in phagocytes (Fig. 10). The same_ phe- 
nomenon is present in the mural vegetations of the left atrium in this heart (Fig. 11). 

The observations illustrated in Figs. 6 and 7 from Case 1 and Figs. 8 to 11. from 
Case 2 may be explained as phagocytosis of the bacterial colonies when living tissue reaclies 
the proximity of the bacteria. The end result is a lacuna surrounded by necrotic vegetation 
or tissue. 


CasE 3.—Barnes Hospital Autopsy No, 11,108. A 68-year-old white woman was admi 
to the hospital on January 27, complaining of fever and malaise of two and a half mon 
duration. The blood culture showed Streptococcus viridans. On February 8 the patient 
transferred to another hospital and after three weeks with no improvement returned | 
On March 15 the patient was readmitted to Barnes Hospital for penicillin therapy. She 
disoriented and unable to speak or turn her body. There were many petechiae on the 
junctivae, face, trunk, and extremities, and the feet were swollen. The blood culture sh 
Str. viridans. Penicillin was begun on March 17, 25,000 units every two hours intramuscul! 
On March 20 the blood culture was negative, but the patient failed to improve and dix 
March 25. Penicillin was last given five hours before death, and the total dose 
1,700,000 units. 

The anatomic diagnosis included: chronie endocarditis of the mitral valve; sul 
bacterial endocarditis of the mitral valve; partially healed infarets of the spleen and 
kidneys; focal embolic glomerulonephritis; and subarachnoidal hemorrhage. 
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There is a large partially organized vegetation on the mitral valve (Fig. 12). In the 
area outlined there is a sharp line of demarcation between the necrotic part and the pro- 
liferating fibroblasts. This is taken to mean that the necrotic component of the vegetation 
organizes slowly or not at all. This conclusion is supported by the better known examples 
from general pathology of slow organization of the necrotic centra of caseous tubercles and 
gummas. 


CASE 4.—University of Minnesota Autopsy No. 44-999. A 37-year-old white woman 
was admitted to the hospital on May 5, with a three months’ history of chills, fever, 
and weakness of the left side of her face, the right arm, and the right leg. Despite previous 
treatment with large amounts of sulfanilamide in another hospital, the blood culture showed 
Str. viridans. 

The heart was enlarged to the left, the liver and spleen were palpable, and there was 
a large umbilical hernia. There were many petechiae on both conjunctivae. Penicillin 
was started May 6 and given intravenously, 100,000 units every twelve hours. The patient 
improved, and the blood culture showed no streptococci after twenty-four hours. New 
petechiae appeared in the conjunctivae, however, and on May 30 the patient suddenly de- 
veloped sharp abdominal pain localized in the umbilical region. An exploratory laparotomy, 
performed because of the possibility of a strangulated abdominal hernia, revealed a gen 
eralized peritonitis. The patient died on the operating table. Penicillin had been continued 
to the day of death, the total dose being 4,200,000 units. 

The anatomic diagnosis included: chronic endocarditis of the mitral valves; subacute 
bacterial endocarditis of the mitral valve; suppurated infarcts of the spleen with rupture and 
peritonitis; focal embolic glomerulonephritis; bilateral pulmonary atelectasis; and acute 
arteritis of the hepatic artery with thrombosis. 

This case is used to illustrate advanced healing of a small vegetation. In Fig. 14 
there are three distinct strata: a central calcified core, a middle layer of hyalinized and 
necrotic tissue, and a superficial layer of loose proliferating fibrous tissue. 

The appearance in Fig. 14 could be compared to that in Fig. 2, if the central part of 
the latter were to become compacted and the centrum to calcify. 

Fig. 15, from a case not given in detail (University of Minnesota 44-1468), shows 
calcification of an individual bacterial colony. 


CASE 5.—Barnes Hospital Autopsy No. 11,358. A 46-year-old-white man was admitted 
to the hospital on July 3, complaining of pain and edema in the left leg for one 
month, exertional dyspnea for three weeks, and a pruritic rash for three days. The patient 
had an attack of rheumatic fever at 21 years of age and another a year later. 

The heart was enlarged and there was a harsh systolic murmur over the precordium. 
The liver was enlarged. On July 5 a blood culture showed hemolytic streptococci, the patient 
had a fever, and the spleen was palpable. 

On July 15 penicillin was started, 20,000 units every two hours intramuscularly. After 
July 16, the next day, all blood cultures were negative and the temperature was normal. 
Penicillin was discontinued August 9, after a total of 6,080,000 units had been given in 
twenty-six days. The patient was discharged, improved, on August 23. 

He was readmitted on August 30, complaining of increased dyspnea and edem: of 
the ankles. On September 20 the patient had a sudden attack of pulmonary edema and 
died shortly afterward. 

The anatomic diagnosis included chronic endocarditis of the aortic valve with c:lci- 
fication and aortic stenosis. 

The aortic valve (Fig. 16) is greatly deformed with a thin base and a large bu! ous 
calcified edge. The calcified masses are surrounded by a loose fibroblastic tissue infiltr ted 
with lymphocytes and large mononuclear cells (Fig. 17). In other regions, especially eat 
the surface, there are endothelial-lined spaces (Fig. 18), variable in size and outline but 
corresponding in general architectural pattern to the lacunae left by destruction of bac eria 
shown in Fig. 7. The surface is lined by endothelium, and all evidence of a vegetati » is 
absent. 
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Fig. 8. Fig. 9. 


Fig. 10. Fig. 11. 


‘ig. 8—(Case 2.) Partial organization of a bacterial colony. 


ig. 9.—(Case 2.) Clear area in the superficial part of the vegetation partially filled with 
vtes and with the remnants of a bacterial colony. 
- 10.—(Case 2.) Active phagocytosis of bacteria about a large colony. 


5 11.—(Case 2.) Invasion of the bacterial colonies from below in 


a mural vegeta- 
-esion on the wall of the left auricle. 
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Fig. 


Fig. 


Fig. 12.—(Case 3.) 

Fig. 13.—(Case 3.) 
demarcation between the 

Fig. 14.—(Case 4.) 
surrounded by a layer of 
fibroblastic tissue. 

Fig. 15.—(Case not 
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12. Fig. 13. 


14. Fig: 15. 


-artially organized vegetation on the mitral valve. 

From the designated area on Fig. 12 to show the sharp li 
necrotic part of the vegetation and the organizing part. 
Calcification of the central part of a completely organized vege 
cartilaginous connective tissue and covered on the surface by a 


given in detail.) Calcification of a bacterial colony. 
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Fig. 16. Fig. 17. 


16.—(Case 5.) Calcified nodules of the aortic valve in a patient who died two 
ter apparent cure of subacute bacterial endocarditis. 
17.— (Case 5.) <A calcified nodule surrounded by loose connective tissue. 
‘2. 18.—(Case 5.) Large endothelial lined spaces in the superficial part of the aortic 
Valve -.own in Fig. 16. 


mont: af 


4 
Py 
n Fig. 18. 


1290 MOORE 


The observations of this valve with advanced healing serve to confirm the conclusions 
reached from study of the earlier stages of healing seen in the other cases. The vegetation 
organizes or calcifies, and the bacteria are destroyed, the spaces occupied by them becoming 
endothelized. 

HEALING IN SUBACUTE BACTERIAL ENDOCARDITIS 

On the basis of these observations, healing in subacute bacterial endocarditis 
may be arranged as five processes: covering of the exposed surface of the vege- 
tation with fibrous tissue, invasion of the layer of colonies and phagocytosis of 
bacteria, calcification of bacterial colonies, hyalination and calcification of the 
central core of the vegetation, and endothelization of the spaces and ¢lefts in 
the vegetation. 

In order to understand the first process, covering of the exposed surface 
of the vegetation with fibrous tissue, it is necessary to return to the discussion 
of the nature of the vegetation in bacterial endocarditis. To reeapitulate, it is 
composed of a central core of necrotic tissue, a layer of bacterial colonies em- 
bedded in fibrin, and a superficial thin layer of fibrin. The necrotic core is 
similar to other foci of dead tissue such as the caseous nodule of tuberculosis. 
There is no network of fibrin on which an invading granulation tissue may 
form. Hence, it undergoes organization slowly or not at all. On the other hand, 
the superficial layer is fibrin and is readily and quickly replaced by fibrous 
tissue. The limiting factor is the state of the fibrous tissue at the edge of the 
vegetation. If this region is well vascularized and if the fibrous tissue is not 
too collagenous and hyalinized, proliferation will proceed from some or all 
directions. In time the central core will be completely covered. Concurrently, 
the fibrous tissue about the base of the vegetation is active in isolating the 
necrotic mass and invading it along the few septa and at places where a net 
work of fibrin exists. The end result is a central necrotic mass completely sur- 
rounded by tissue. 

The second process, invasion of the layer of colonies and phagocytosis of 
the bacteria, is a phenomenon seen in all bacterial diseases. In the absence of a 
specific chemical or biologic agent which will kill bacteria, the only method for 
disposal of the bacteria is to bring active phagocytes to the infected focus. In 
subacute bacterial endocarditis of a valve, this is not possible until the first proc- 
ess, covering of the surface with tissue, has taken place. A possible alternate 
is organization of the necrotic center, but it has been pointed out that this ‘oes 
not occur except in small superficial vegetations. In other words, leucoc: tes 
cannot migrate through the necrotic core, nor will they go through the suner- 
ficial layer of fibrin from the blood in the cavities of the heart in suffi: ent 
numbers. That the latter is attempted is suggested by the alinement of ‘eu- 
cocytes on the surface of the vegetation. As fibrinoblasts and capillaries re) ‘ace 
the peripheral layer of fibrin, the adjacent bacterial colonies are broken « art 
and the bacteria are phagocytized and destroyed, at least in large part. 


For reasons not apparent from the histologic study, some bacterial co! ies 
undergo calcification, the third process. Perhaps the bacteria die and a’ ‘act 
calcium salts in the same manner that necrotie tissue does. 
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The fourth process, hyalination and calcification of the neerotie part of 
the vegetation, is an undesirable feature of healing. As previously pointed out, 
necrotic tissue is not ideal soil for organization. There is no pre-existent frame- 
work of fibrin for the fibrinoblasts and capillaries. Therefore there is eneap- 
sulation with hyalination and ealcification. This process does not involve any 
significant degree of contraction or decrease in size. Henee the end result is a 
ereatly deformed nodular valve, similar to that of caleifie stenosis. 

As the bacterial colonies are destroyed and as the necrotic core becomes 
lobulated, clefts and spaces appear in the vegetation. Endothelial cells from the 
surface or from sprouting capillaries grow into and line the spaces, the fifth 
process. 

In summary, healing in subacute bacterial endocarditis is essentially the 
conversion of a vegetative endocarditis into a chronie endocarditis characterized 
by superficial vascularized connective tissue and central nodular calcification. 
Only time will tell whether or not the latter disease is functionally significant. 
Reports so far suggest that some patients develop ecardiae failure as a result 
of the ealcific stenosis, as did one of the patients reported on in this paper. 


TREATMENT 


OF SUBACUTE BACTERIAL ENDOCARDITIS 


Comparison of the observations in those patients treated with penicillin and 
in those patients who received no specific therapy indicates that there is some 
evidence of healing in all, regardless of the form of treatment. However, more 
advanced healing is observed after treatment with penicillin. 

Logically there are four possible procedures by which healing might be 
facilitated: (1) Control the further growth of bacteria; (2) bring phagocytes 
to the bacteria; (3) promote the growth of granulation tissue; and (4) aid in 
the final disposal of necrotic tissue. 

Clearly, penicillin is effective in the first procedure, control of further 
growth of bacteria. This inhibition, regardless of how produced, will be re- 
flied in greater phagocytosis and proliferation of tissue, since both are un- 
favorably influenced by active multiplication of bacteria. The sooner the in- 
fla::mation is brought to a standstill the more effective the final disposal of the 
ne otie debris. Hence, penicillin by an action of simple bacteriostasis exerts 
an ‘fleet on all aspects of healing. Therefore, in the sections from patients 
tre ed with penicillin, there is more extensive and advanced healing than in 
tho. not so treated. 

“he dose and duration of treatment are largely outside the domain of the 
pa: logie anatomist. However, it is suggested that a blood level effective bac- 
ter statieally on the organism of the patient be maintained for the period it 
tak or the layers of bacterial colonies and fibrin to be replaced by tissue. The 
act) | range is probably 200,000 to 1,000,000 units per day in not less than 
six ided doses intramuscularly for three to six months. 

iis study was originally undertaken to determine whether or not better 
forn of treatment could be developed. Penicillin has a direct effect on only 
one the four possible modes of attack. Perhaps when really effective agents 
beeo known, it may be possible to aecelerate the phagocytosis. 
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Some of the factors determining the healing of wounds are already under- 
stood. The vegetation is a wound which must be healed in part by fibrosis. 
Among other things, an adequate supply of protein and vitamin C is necessary 
for rapid proliferation of normal fibroblasts. The most careful attention should 
be given to the nutritional status of the patient with subacute bacterial endo- 
‘arditis, particularly to the level of the plasma albumin and to the adequacy 
of available vitamin C. 

If the vegetation is largely necrotic tissue, it follows that it does not grow 
by addition of fibrin on the surface. Hence, there is no basis for the use of an 
anticoagulant such as heparin to prevent a process which does not oceur. 

Whether or not it is feasible or desirable to accelerate calcification, will be 
left for others to decide. It has been reported that calcification of caseous 
tuberculous nodules in rabbits may be hastened by a high caleium diet and 
vitamin D. Perhaps a similar procedure initiated toward the end of aetive 
treatment would be worth while. Possibly further research may reveal a tech- 
nique for disposal of the necrotic tissue which does not lead to calcification and 
deformation of the valve. 


PATHOGENESIS OF SUBACUTE BACTERIAL ENDOCARDITIS 


It is not possible to study the what, that is, the pathologie anatomy of a 
disease, for long and not wonder about the how and why. 

How and why do people develop subacute bacterial endocarditis? Of the 
thousands who have rheumatic fever, only a small percentage have this compli- 
cation. Of the thousands who have a tooth extracted or have an acute upper 
respiratory infection, only a very few develop an endocarditis. Even when 
these two states, lesions of rheumatic fever and streptococci, are present together, 
the known incidence cannot account for the onset of subacute bacterial endo- 
carditis. 

The basic part of all vegetations is the same, the necrotic core of a valve. 
This is true for the verrucae of rheumatic fever, the vegetation of nonbacterial 
thrombotic endocarditis, and for the lesions of bacterial endocarditis. Bacterial 
endocarditis differs from the others only in that there is a superficial layer of 
bacteria and fibrin. May it not be postulated, then, that bacterial endocarditis 
consists of two parts, a nonbacterial primary part and a bacterial secondary 
part? 

It is well known that nonbacterial thrombotic endocarditis is a not uneom- 
mon observation at autopsy in those who have died of debilitating diseases. [cr- 
haps it occurs and heals more frequently than is suspected. It might aeeo nt 
for the fibrous thickening of valves and adhesions at the commissures of ‘he 
aortic valves observed in 60 to 90 per cent of all hearts at autopsy. 

It is therefore submitted as a working hypothesis that if a person h 
nonbacterial endocarditis, either rheumatie or thrombotic, at a time whe: 
also develops a bacteriemia with Str. viridans, he or she may develop sub: 
bacterial endocarditis. 

This would explain (1) the known association of lesions of rheumatic 
and subacute hacterial endocarditis in the same heart, (2) the frequen 
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lesions of subacute bacterial endocarditis on previously damaged valves, and 
(3) the low over-all incidence of subacute bacterial endocarditis in relation to 
previously postulated causal factors. 


SUMMARY 


A comparison has been made of the lesions of the heart in subacute bae- 
terial endocarditis in twenty-two patients treated with penicillin and in eight 
patients given no specific therapy. 


Penicillin promotes healing in subacute bacterial endocarditis, but the 
basic processes of healing are not modified. These processes are: covering of 
the exposed surface of the vegetation with fibrous tissue, invasion of the layer 
of colonies and phagocytosis of bacteria, calcification of bacterial colonies, hya- 
lination and calcification of the central core of the vegetation, and endothelization 
of the spaces and clefts in the vegetation. 

In some patients, healing is accompanied by excessive calcification, and the 
result is a ealeific stenosis of the valve. 

It is postulated that the vegetative lesions of subacute bacterial endocarditis 
consist of two parts, a nonbacterial (rheumatic or thrombotic) primary part and 
a bacterial secondary part. 
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EFFECTIVENESS OF CONJUGATED FORMS OF FOLIC ACID 
IN THE TREATMENT OF TROPICAL SPRUE 


Ramon M. SuArez, M.D., D. Wetcu, Px.D., M.D., Roperr W. 
Herne, M.D., RamOn M. Su‘rez, Jr., M.D., AND Evetyn M. NELSON, B.S. 
San Juan, Purrro Rico, AND CLEVELAND, O11I0 


OLIC acid (pteroylglutamie acid) occurs naturally not only as the free 

vitamin, but also in the form of various complexes or conjugates. Two of 
these complexes, both polyglutamates, have been isolated in pure form, one 
from yeast and one from a filtrate obtained from an aerobie fermentation of 
a diphtheroid type organism. The folic acid complex of yeast, often termed 
vitamin B, conjugate, was identified by Pfiffner and co-workers’? as pteroyl- 
hexaglutamylglutamie acid. The other naturally occurring complex, usually 
termed fermentation folie acid or fermentation Lactobacillus casei factor, was 
deseribed by Hutchings, Stokstad, and their collaborators® * and was shown 
to be a triglutamate (pteroyldiglutamylglutamie acid). 

The ability of these complexes of folie acid to affect the growth of those 
organisms unable to synthesize folic acid shows certain interesting differences. 
Thus, fermentation folic acid appears to be utilized effectively by L. casei, 
exerting an effect deviating from that of erystalline pteroylglutamie acid (PGA) 
only as the molecular weights differ; for Streptococcus faccalis (Streptococcus 
lactis R) the compound has only about one-fifticth the activity of pteroylglu- 
tamie acid. The conjugate of yeast (heptaglutamate) is essentially unable 
to stimulate the growth of either microorganism. In animal species known 
to require folic acid (monkey, chick, rat), each of the conjugates exerts an 
effect essentially equivalent to its folie acid content, and it is probable that 
this activity results from these compounds serving as a source of free folic 
acid, split off in each case by the action of a group of enzymes widely dis- 
tributed in tissues and generally termed eonjugases. The possibility has not 
been excluded, however, that the conjugates may also be utilized as such. 

The effectiveness of folic acid in the treatment of pernicious and other 
forms of macrocyti¢c anemia, including sprue, led to the investigation of these 
complexes as examples of the types of compounds from which human subjects 
presumably must derive a considerable portion of their supply of folie acid. 

It has already been reported by Welch and associates” ® and by Betlicl! 
and co-workers’ that the conjugated folie acid of yeast is little or not at all 
utilized by patients with pernicious anemia, although normal human subjects 
demonstrated their ability to derive folie acid from the same lots of this hep‘a- 
glutamate by a marked augmentation of the urinary exeretion of the free 
vitamin following the oral or parenteral administration of the conjugate. [t 
was suggested by both groups of workers that the folie acid deficiency ¢lir- 
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acteristic of pernicious anemia might be due, at least in part, to the inability 
of such patients to obtain adequate amounts of the free vitamin from the 
naturally oecurring complexes found in the diet and that as a result of this 
hiochemical defect the supply of free folie acid is insufficient for the main- 
tenance of normal hematopoiesis. It was suggested by Welch and associates” ° 
that liver factors have a more deep-seated action than that solely concerned 
with correcting a defect in the utilization of conjugates of folie acid, since 
such extracts have produced a striking reticuloeytosis following an inadequate 
response to prolonged dosage with synthetic folie acid. 

Another complication has been offered by the finding that some patients 
with pernicious anemia, of a type as yet indistinguishable from that previ- 
ously described, are able to utilize concentrates of the yeast form of conjugated 
folie acid. Of such a type, Sharp® has observed two examples and Castle,° 
one; while one patient with pernicious anemia in remission induced by liver 
extract, but maintained for more than six months on folie acid without liver 
extract, has been observed by Heinle and associates to utilize the heptaglu- 
tamate, as evidenced by the urinary elimination, in the form of free L. casei 
faetor, of a large proportion of the administered conjugate. 

It is clear that some patients with pernicious anemia are unable to release 
folie acid from the preparations of heptaglutamate used,* while in other pa- 
tients this biochemical defect is not present. Conceivably, such differences 
in handling the conjugate might reflect etiologic differences in the disease or 
might represent quantitative differences in the degree of deficiency of intrinsic 
factor or of erythrocyte maturation factor. On the other hand, it is now 
known that one or more substances occur naturally (for example, in yeast) 
that are capable of competitively inhibiting some of the conjugases which 
release folie acid from pteroylhexaglutamylglutamie acid.t The possibility 
has not yet been excluded that the concentrates of vitamin B, conjugate used 
in patients with pernicious anemia, who are able to derive folie acid from 
them, differed from those which caused neither a clinical response nor the 
appearance of folie acid in the urine. Although one lot of material that pro- 
diced no response, in small daily doses or in a single dose of 30 mg.,® repre- 


sented apparently pure, erystalline pteroylhexaglutamylglutamie acid, other 
studies were earried out with concentrates that probably contained inhibitors 
¢! conjugases.t It is not inconceivable that one of the defects in patients with 


Mi one of this type have been described in reports by investigators at Ann Arbor 
nd Cleveland. 

+Personal communication from Dr. John R. Totter, School of Medicine, University of 

insas, Little Rock, Ark. The inhibitory subs'ance used by Dr. Totter was supplied by Dr. 

‘th Ratner and corresponds to the glutamic acid polypeptide of p-aminobenzoic acid 

tner, S$... Blanchard. M.. and Green. D. E.: Isolation of a Peptide of p-Aminobenzoic 

é From Yeast, J. Biol. Chem. 164: 691, 1946.) It was found that the polypeptide has an 

ali nity from five to ten times as great as vitamin Be conjugate for preparations of con- 

se derived from chicken pancreas and rat liver, but the response was not always obtainable 

ni the inhibitor appeared not to be identical with a material causing inh‘bition of a conjugase 

ved from hog kidney. Using a preparation generously suvplied by Dr. Ratner, two of 

‘\. D. W. and E. M. N.) have found that extracts of human bone marrow, whose ability 

lease folic acid from pteroylhexaglutamylglutamic acid was measured at pH 4.5, are in- 

Phd the polyglutamate of p-aminobenzcic acid, but quantitative data are not yet 

ible, 

tIn a personal communication Dr. J. J. Pfiffner has stated that the concentrates we em- 

' were found by Dr. O. D. Bird to be essentially free of all inhibitor for hog kidney con- 

if =e; however, information is not yet available concerning the presence of inhibitors (such 

al y- glutamic acid polypeptide of p-aminobenzoic acid) of the conjugase found in human 

marrow. 
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pernicious anemia will be found to consist of a partial to complete inability 
to inactivate such inhibitors of conjugases ; this possibility has been anticipated 
in previous papers.” 

Spies’® has recently reported that fermentation folie acid, in a daily intra- 
muscular dose of 3 mg., given during a period of eleven days, caused a sub- 
maximal reticulocyte response in a patient with pernicious anemia in relapse. 
Urinary excretion data were not presented. Although it has not been shown 
that treatment with liver extracts will restore the ability to release folie acid 
from its conjugates in patients previously unable to utilize such material, it is 
worth noting that the patient studied by Spies had received injections of liver 
extracts at some unstated time in 1946. It will be necessary and desirable to 
test the triglutamate in patients with pernicious anemia in severe relapse who 
have received no exogenous source of liver factors, at least for several months. 
However, the most recent findings, some of which are presented here, suggest 
that fermentation folic acid will not require liver extract factors to permit its 
utilization. 

The supply of pteroyldiglutamylglutamie acid has been exceedingly limited 
and it has not been possible to obtain extensive information concerning its 
effect in tropical sprue. Similarly, the supply of the yeast form of conjugate 
has been restricted by the great difficulties attendant to isolation. In this 
report are described the striking clinical effect and hematologic responses, 
together with data on the urinary exeretion of folie acid, obtained in two 
patients with tropical sprue. These patients were treated (by R. M. S. and 
R. M. S., Jr.) in the School of Tropical Medicine and University Hospital in 
San Juan, while the analytic studies of the urine were carried out in Cleveland 


(by A. D. W., R. W. H. and E. M. N.).* 


CLINICAL OBSERVATIONS 

Patient M. Q. (Unit history A-8757), a white, Puerto Rican man, 48 years of age, was 
admitted to the University Hospital on June 12, 1946, with the chief complaints of weak 
ness, diarrhea, and weight loss (about forty pounds) during a period of about one year. 

He stated that he was feeling well and that he had eaten what he considered to be 
a well-balanced diet until one year prior to admission, when he first noticed diarrhes. 
The diarrhea was described as watery, greenish-yellow, foamy, without mucus or blood, 
with from three to ten stools daily. With the onset of diarrhea, the patient developed 
flatulence and anorexia. Soon thereafter he noticed soreness of the mouth, with gradually 
increasing generalized weakness. 

A few months after the onset of illness, a few injections of concentrated liver ex 
tract were given at irregular intervals and in inadequate doses. He received the last 
injection of liver extract two days before hospitalization and fourteen days before injec- 
tions of fermentation folie acid were started. 

On physical examination the patient was found to be in a cachectie condition, «x- 
tremely pale, and obviously very weak and malnourished. A superficial, dry, scaly, brown- 
ish dermatosis was noticed over both ankles and wrists. The tongue was pale and fissured, 
and, although covered by papillae, these were very small and some of them over the ‘ip 
and margins of the tongue were definitely inflamed. No aphthae were seen. 

On admission, examination of the blood disclosed 1,200,000 erythrocytes per cu! ic 
millimeter; hemoglobin, 5.8 Gm. per 100 ¢.c.; leucocytes, 5,400 per cubie millimeter; mean «ll 

*The materials used in the studies were obtained through the courtesy of the Led:'le 


Laboratories, Inc., Pearl River, N. Y. (fermentation folic acid) and of the Laboratories of 
Parke, Davis & Co., Detroit, Mich. (concentrate of vitamin Be conjugate). 
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volume, 160 cu; the corrected sedimentation rate was 18 mm. per hour. Bone marrow 
‘aspiration revealed 25 per cent megaloblasts and 12 per cent normoblasts, with an erythro- 
cytie series of 55 per cent and a granulocytic series of 37.8 per cent. Chemical findings 
in the blood were within normal limits, except for a serum protein level of 4 Gm. per 
100 ¢.¢e., with a normal albumin-globulin ratio. Gastric analysis showed hypochlorhydria. 
Serologic and urinary findings were negative. Examination of the stool showed free fatty 
acids, soapy fats, and neutral fat (videinfra). 

Laboratory Examinations.—Urine analysis revealed no abnormalities. Examination of 
stools disclosed hookworm ova. Analytic findings in blood were as follows: nonprotein 
nitrogen, 26.4 mg. per 100 ¢.¢c.; urea nitrogen, 12.7 mg. per 100 ¢.c.; sugar, 72.7 mg. per 
100 ¢.¢e.; cholesterol, 108.6 mg. per 100 ¢.e.; phosphorus (inorganic), 2.7 mg. per 100 e.e.; 
valecium, 7.8 mg. per 100 ¢.c.; phosphatase, 4.7 Bodansky units; van den Bergh reaction, 
delayed; total serum protein, 4.0 Gm. per 100 ¢.e. (albumin, 2.6 Gm. per 100 ¢.e.; globulin, 
1.4 Gm. per 100 c.c.); ieterus index, 3.2 per cent; chlorides (as NaCl), 461.0 mg. per 100 e.e. 


Gastric analysis after stimulation with histamine was as follows: 


FREE HYDROCHLORIC ACID (° ) 


Fasting 0 
First 40 
Second 26 
Third 12 
Fourth 0 


Lactie acid, absent 


Biophotometric curve began at 26 and finished at 63 (normal, 55 to 100). Analysis 
of the dry solids (22 per cent) of a stool sample was as follows: total fat, 78.7 Gm. per 
100 Gm.; free fatty acids, 65.7 Gm. per 100 Gm.; soaps, 0.9 Gm. per 100 Gm.; total split, 
66.7 Gm. per 100 Gm.; neutral, 9.4 Gm. per 100 Gm.; unsaponified, 2.6 Gm. per 100 Gm. 

Treatment.—The patient was placed on what we have referred to as a preliminary 
sprue diet, and this dietary regime, high in carbohydrates and very low in animal proteins, 
was maintained throughout the experiment. Twelve days after admission, when all labora- 
tory examinations had been performed and various base lines established, daily intramus- 
cular injections of fermentation folic acid were begun. The solution used was prepared 
by one of us (A.D. W.), in San Juan from a powder of 65 per cent purity. This material 
was dissolved in water and the pH adjusted to approximately 7.4 with the aid of sodium 
hydroxide, The solution was designed to contain, in each 2 ¢.c., approximately 3.0 mg. of 
potential folie acid. After autoclaving at 15 pounds pressure for fifteen minutes, a sample 
of the solution was withdrawn aseptically, hermetically sealed in a sterile capillary tube, 
and taken to Cleveland for analysis. Microbiologie assay (L. casei and Str. faecalis) be- 
fore and after treatment with hog kidney conjugase!! indicated that each daily dose (2 
cc. of the solution contained approximately 4.9 mg. of fermentation folie acid, equiva- 
lent to about 3.1 mg. of pteroylglutamie acid. When treatment with fermentation folic 
acid was initiated, on June 24, 1946, the following hematologic observations were made: 
erytlrocytes, 800,000 per cubic millimeter; hemoglobin, 4.2 Gm. per 100 ¢.¢.; mean cell 
Volume, 175 eu; leucoeytes, 2,300 per cubic millimeter; the reticulocytes, which originally 
Were at an 8 per cent level, now composed 2 per cent of the circulating red cells. The 
patient was having from six to eight bowel movements daily and the body weight was 
only pounds. 

‘hree days after initiation of treatment with fermentation folic acid, the patient 
volu‘cered the statement that he felt better; the bowel movements had decreased to three 
daily; the number of megaloblasts in the sternal bone marrow was reduced to 1.2 per cent 
(fron 25 per cent); the appetite had improved markedly and the patient experienced a 
Sense of well-being. In spite of the inadequate diet, there occurred a definite improvement 


in the number and character of the stools. By the fourth day the stools were of normal 
consistency, 
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TABLE I. Hemaronocic DATA OBTAINED IN PATIENT WITH SPRUE* 


HEMOGLOBIN ERYTHROCYTES | LEUCOCYTES RETICULO- 
(GRAMS PER (MILLIONS (THOUSANDS CYTES 
DATE 100 ¢.c.) PER C.MM.) PER C.MM.) (PER CENT) 

6/24/46 4.2 0.80 2. 2.0 
6/26/46 4.8 0.82 17 4 
6/27/46 4.8 0.81 1.1 6.0 
6/28/46 4.0 0.80 1.0 18.0 
7/ 1/46 5.4 1.21 gl 12.4 
7/ 2/46 6.6 1.20 3.6 17.8 
7/ 3/46 5.8 1.28 3.7 12.8 
7/ 4/46 72 1.59 3.5 15.8 
7/ 5/46 6.8 175 22 11.0 
7/ 6/46 11.4 
7/ 8/46 7.2 1.73 4.3 9.6 
7/ 9/46 7.6 1.83 3.8 9.4 
7/10/46 8.1 2.09 4.9 6.8 
7/12/46 8.4 2.39 5.6 112 
7/16/46 10.5 2.60 3.0 11.4 
7/24/46 10.1 3.03 yes! 3.2 
7/29/46 11.4 3.46 4.7 3.8 
8/ 5/46 12.8 3.52 4.0 0.3 
8/12/46 12.0 3.66 5.1 0.3 


*The patient (M. Q.) was given daily intramuscular injections of 4.9 mg. of fermentation 
folic acid (equivalent to 3.1 mg. of free folic acid), beginning June 24 and continuing through 
July 7, 1946 (14 injections). Additional therapy with liver extract (1 c¢.c. daily, containing 
15 units) was begun on July 4 and was continued through Aug. 4, 1946. 


On the fourth day of treatment the reticulocyte level had reached a peak of 18 per 
cent, and a level of about 18 per cent was maintained until the tenth day of treatment, 
July 4, when the daily administration of 1 ¢.c. of liver extract (15 units) was begun, in 
addition to the same dose of fermentation folic acid. On this day the erythrocyte count 
was 1,590,000 per cubie millimeter of blood and the hemoglobin level was 7.2 Gm. per 100 
cubic centimeters. The number of leucocytes and of platelets had shown little change. The 
body weight had increased by six pounds. 

Following the injections of liver extract, in addition to those of fermentation folic 
acid, the number of white blood cells and platelets increased, and there was a persistence 
of the reticulocytosis, a progressive increase in the number of erythrocytes and in the 
amount of hemoglobin, and a definite change toward complete recovery. 

On July 16, twenty-two days after treatment was begun, the erythrocyte count was 
2,600,000 per cubie millimeter; the hemoglobin level, 10.5 Gm. per 100 ¢.e.; mean cell 
volume, 141 ex; leucocytes, 8,000 per cubie millimeter; and the reticulocyte level was 114 
per cent. The body weight was 112 pounds (an increase of sixteen pounds), 


-atient J. Q. (Unit history A-9216), a white man, 53 years of age, was admitted to 
the University Hospital on Sept. 5, 1946, with the chief complaint of generalized weakness 
during the past three months, accompanied by foamy diarrhea, a burning sensation of the 
tongue, flatulence, anorexia, and marked loss of weight. The stools were described as 
yellowish, abundant, fetid, either liquid or semisolid, with foam and mucus but no blood, 
and as occurring anywhere from twelve to eighteen times in twenty-four hours. 

His past medical history was irrelevant, except for the fact that he had been ov # 
poorly balanced diet for a number of years. 

Physical examination revealed a short, poorly nourished, pale, cachectic, white man, 
who weighed only 68 pounds. The tongue was red and smooth, showing the typical ap 
pearance of an atrophic glossitis. No aphtha was found. The rest of the examina‘ on, 
including the neurologic, yielded: essentially normal findings. 

Roentgenologic study of the small intestine showed segmentation of the jejunun 


Laboratory Examinations.—The stools contained the ova of hookworm. The glucose 
tolerance curve was flat and showed an increase of only 15 mg. per 100 ¢.e. Analytic nd 
ings in blood were as follows: nonprotein nitrogen, 23.3 mg. per 100 ¢.¢.; urea nitroen, 
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13 mg. per 100 ¢.c.; cholesterol, 120 mg. per 100 ¢.e.; phosphorus (inorganic), 4 mg. per 100 
e.c.; calcium, 8.6 mg. per 100 ¢.c.; phosphatase, 1.7 Bodansky units; van den Bergh reac- 
tion, delayed; total serum protein, 5.8 Gm. per 100 ¢.c. (albumin, 3.2 Gm. per 100 ¢.e.; 
globulin, 2.6 Gm. per 100 ¢.c.); icterus index, 9.2 per cent. 

Gastrie analysis after stimulation with histamine was as follows: 


FREE HYDROCHLORIC ACID (°) 


Fasting 0 
First 0 
Second 60 
Third 76 


Fourth 


44 


Wassermann and Kahn tests were negative. Hanger cephalin flocculation test was 
3 plus. No urobilinogen was found in the urine. 

Analysis of the dry solids (15.5 per cent) of a stool sample was as follows: total fat, 
58 Gm. per 100 Gm.; free fatty acids, 43.5 Gm. per 100 Gm.; soaps, 1.9 Gm. per 100 Gm.; 
total split, 45.4 Gm. per 100 Gm.; neutral, 9.3 Gm. per 100 Gm.; unsaponified, 5.2 Gm. per 
100 Gm. 


Treatment.—This patient had never received liver extracts, yeast, or vitamin supple- 


mentation of his diet. He was placed on the preliminary sprue diet, high in carbohydrates 
and very low in animal proteins, and maintained on this diet throughout the experiment. 
On Sept. 16, 1946, when oral therapy with a concentrate of vitamin B, conjugate was 
initiated, the weight was 73 pounds and the hematologic findings were as follows: erythro- 
eytes, 1,320,000 per cubic millimeter; hemoglobin, 7.2 Gm. per 100 ¢.c.; leucocytes, 1,400 
per cubie millimeter; mean cell volume, 159 cu. No reticulocytes were observed. The 
sternal marrow showed 17.8 per cent megaloblasts. 

The concentrate of vitamin B, conjugate used in therapy was supplied by Dr. J. J. 
Pfiffner and had a labeled potency of 1.2 mg. of potential folie acid per cubie centimeter. 
Of the total solids, approximately 10 per cent was vitamin B, conjugate, and less than 0.01 
per cent was free folic acid. The concentrate was given orally in daily doses of 7 e.c., 
containing conjugated folic acid in an amount equivalent to about 8.4 mg. of free folic 
acid (23.2 mg. as pteroylhexaglutamylglutamie acid). 


Table Il. Hemaro.togic Dara OBTAINED IN PATIENT WITH SPRUE* 


HEMOGLOBIN | ERYTHROCYTES 


| LEUCOCYTES | RETICULO- 
| (GRAMS PER ( MILLIONS ( THOUSANDS CYTES 
DATE 100 c.c.) PER C.MM.) | PER C.MM.) | (PER CENT) 
9/16/46 7.2 1.32 1.4 0.0 
9/17/46 8.7 1.06 2.1 0.0 
9/18/46 6.0 1.21 2.4 0.0 
9/19/46 5.2 1.13 1.0 0.0 
9/20/46 4.8 1.07 0.9 1.4 
9/22/46 = 14.0 
9/23/46 5.8 ike 3.0 23.8 
9/24/46 5.8 1.31 Eee 28.4 
9/25/46 5.0 1.56 1.8 33.0 
9/26/46 6.0 1.75 2.4 30.4 
9/27/46 6.4 1.86 30 24.0 
9/28/46 V2 2.14 4.7 23.8 
9/30/46 6.8 1.95 2.2 23.6 
10/ 1/46 6.4 2.15 3.1 20.0 
10/ 2/46 6.6 2.02 3.5 15.2 
10/ 8/46 6.4 1.89 6.0 9.4 
10/14/46 7.8 2.05 6.0 7.4 


“The patient (J. Q.) was given daily oral doses of a concentrate of vitamin Be conjugate 
6 lent to 8.4 mg. of folic acid), beginning September 16 and continuing through Sept. 30, 
a8 15 doses). Additional therapy with liver extract (1 c.c. daily, containing 15 un.ts) was 
Oar on September 26 and was continued through Oct. 3, 1946. Folic acid was begun on 
Ctob-r 3 at a level of 10 mg. daily for one week and 2.5 mg. daily thereafter. 
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Reticulocytes began to appear in the peripheral blood on the fourth day of treat- 
ment (1.4 per cent); the following levels were encountered subsequently: 3.4 per cent 
(fifth day), 14 per cent (sixth day), 23.8 per cent (seventh day), 28.4 per cent (eighth 
day). A reticulocyte peak of 33 per cent was encountered on the ninth day of treatment. 
On the tenth day daily subcutaneous injections of 1 ¢.c. of purified liver extract (15 units 
per cubic centimeter) were begun. At this time the weight was 73 pounds and the hema- 
tologic data were as follows: erythrocytes, 1,760,000 per cubic millimeter; hemoglobin, 
6.0 Gm. per 100 ¢.¢c.; leucocytes, 2,400 per cubic millimeter; reticulocytes, 30.4 per cent; 
and mean cell volume, 142 eu. The subjective and clinical improvement was even more 
evident in this patient than in the one who received the smaller doses of pteroyltriglutamate. 

Four days after the institution of treatment, the patient felt better, his appetite had 
improved, the tongue showed newly formed papillae, and the stools had diminished in 
number and had improved in consistency, At this time the megaloblasts in the sternal marrow 
were only 0.6 per cent. On the eighth day of treatment the stools became formed, and 
since then there have been only one or two bowel movements daily. 


URINARY FINDINGS 
Studies of the urinary elimination of folie acid by normal human subjects, 
and by those with various pathologie conditions, have shown that the daily 
excretion of the vitamin rarely exceeds 5 wg and usually amounts to from 2 
to 4 wg, when the intake is restricted to ordinary dietary sources of the vita- 
min (and to the intestinal synthesis that presumably occurs). Oral or par- 
enteral administration of synthetic folic acid leads to a prompt augmentation 


TABLE III. Foric Actp EXcreTION IN URINE OF PATIENTS WITH TROPICAL SPRUE 


PATIENT M. Q. PATIENT J. Q. 
(FERMENTATION ACID) (CONJUGATED Fotic oF YEAST) 
| URINE L. CASEI | OUTPUT OF URINE L. CASEI | OUTPUT OF 
| VOLUME ASSAY | FOLIC ACID VOLUME ASSAY | FOLIC ACID 
DATE | (C.C.) | (uG./C.c.) | (MG./DAY) DATE (c.c.) | (uG./c.c.) | (MG./DAY ) 
6/19-20 1,760 < 0.0002 9/15-16 990 0.0008 0.0008 
6/20-21 1,180 < 0.0002 9/16-17 
6/21-22 2,210 bie < 0.0002 9/17-18 850 0.0038 0.0032 
6/22-23 890 < 0.0002 9/18-19 880 0.0015 0.0013 
6/23-24 1,560 < 0.0002 9/19-20 630 0.013 0.008 
6/24-25 1,330 0.31 0.41 9/20-21 380 0.180 0.068 
6/25-26 650 0.85 0.55 9/21-22 910 0.051 0.046 
6/26-27 1,060 0.42 0.44 9/22-23 1,140 0.031 0.035 
6/27-28 1,620 1.06 1.71 9/23-24 1,280 0.042 0.054 
6/28-29 1,150 0.80 0.92 9/24-25 1,020 0.147 0.150 
6/29-30 2,440 1.50 3.66 9/25-26 1,690 0.189 0.32 
6/30-7/1 2,920 0.44 1.28 9/26-27 1,280 0.30 0.38 
7/ 1-2 2,820 0.60 1.69 9/27-28 1,850 0.59 0.93 
7/ 2-3 2,420 0.61 1.47 9/28-29 1,570 0.95 1.50 
7/ 3-4 3,270 0.41 1.34 9/29-30 1,720 0.66 1.14 
7/ 4-5 1,460 4.90 7.15 9/30-10/1 1,510 0.48 0.73 
7/ 5-6 2,460 2.96 7.28 
7/ 6-7 2,140 0.84 1.79 
7/ 7-8 2,000 0.41 0.82 
7/ 8-9 2,520 0.0008 0.002 —_— 


Patient M. Q. was given intramuscular injections of fermentation fol’ec acid, equiv:ient 
to 3.1 mg. of free folic acid, beginning June 24 and continuing through July 7, 1946 (14 in- 
jections). In addition, injections of liver extract (1 cc. daily, containing 15 units) were 
begun on July 4. 

Patient J. Q. was given daily oral doses of the conjugated folic acid of yeast, equiv: ent 
to 8.4 mg. of free folic acid, beginning September 16 and continuing through Sept. 30, 1946 
(15 doses). In addition, injections of liver extract (1 c.c. daily, containing 15 units) \vere 
begun on September 26. 

Additional essays with Str. faecalis were carried out on all samples of urine obt ined 
from one patient (M. Q.) and on several samples of urine from the other patient (J. Q.)-. 
assay values found were in al) cases in close agreement with those obtained with L. ca* i, @ 
circumstance which indicates that the microbiologically active material in the urine of oth 
patients was free pteroylglutamic acid. 
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of the amount of the vitamin in the urine and, depending on the size of the 
dose, to an elimination within twenty-four hours of from 15 to 75 per cent 
of the administered material. A normal subject given vitamin B,. conjugate in- 
tramuscularly, in an amount equivalent to 1 mg. of free folic acid, on each of 
two successive days, excreted 8.3 per cent in the urine as the free vitamin; 
the same individual excreted 16 per cent when daily doses of 1 mg. of synthetic 
folie acid were given intramuscularly. On a dosage regime of about 10 mg. 
daily, either orally or parenterally, the excretion of the free vitamin in the 
urine usually ranges between 35 and 50 per cent. 

In Table III data are presented on the urinary excretion of free folie acid 
by the patients who were given fermentation folie acid and the conjugated 
folie acid of yeast, respectively. Although only those data obtained with L. 
caset are presented in the table, duplicate analyses were run with Str. faecalis 
(Str. lactis R) on all urine samples obtained from the patient given fermenta- 
tion folic acid and on occasional urine samples from the patient given the 
heptaglutamate. The very close agreement obtained through the use of the 
two organisms made it clear that the microbiologically active material present 
in the urine of both patients was pteroylglutamic acid. Treatment of the 
urine with preparations of conjugase gave no evidence of the presence in 
the urine of any conjugated forms of folie acid. The conjugases used exerted 
their expected activity when their effect on added conjugate was tested in the 
presence of urine from the patients studied. 


DISCUSSION 


It is of interest to comment on the remarkably small amount of folie acid 
excreted, prior to therapy, in the urine of the patients on the preliminary 
sprue diet. In one of these patients (M.Q.) the amount of folie acid excreted 
was below that which could be determined by the microbiologic method em- 
ployed; in the other patient (J.Q.) the amount of vitamin excreted (0.8 yg.) 
on one day was considerably smaller than is usually encountered in the urine 
of human subjects. A level of excretion of folie acid, below that easily de- 
termined, has also been observed in another patient with sprue on the same 
diet. It is not claimed that these unusually small amounts of urinary folie 
acid are necessarily characteristic of sprue since they may reflect the very 
siiall amount of the vitamin in the diet, but this diet is characteristic of that 
eiiployed by those among whom sprue is found. Additional studies of the 
in'ake and exeretion of folie acid of individuals in areas where sprue is en- 
countered are greatly needed. 

The data presented in Table III clearly indicate that pteroyldiglutamyl- 
g!iitamie acid served as a source of free folic acid in the patient with sprue 
(Mi. Q.) treated with this conjugate. However, the urinary excretion of the 
fre vitamin was appreciably less during the first three days of therapy than 
on any of the subsequent days when the triglutamate was administered, a 
cir-umstanee which suggests that retention was more marked when the need 
was greatest. 


Particularly striking, however, is the relatively enormous excretion of 
folic acid that occurred during the first days of therapy with liver extract. 
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It should be pointed out that the daily dose (1 ¢.e.) of liver extract employed 
contained less than 0.001 mg. of microbiologically determinable folie acid, even 
after treatment with enzymes known to release the vitamin from its polyglu- 
tamates. Also, several investigators have shown that purified liver extracts 
comparable to this material exert no favorable effect in chicks, rats, or mon- 
keys made deficient in folic acid. In view of the results previously mentioned, 
indicating that many patients with pernicious anemia are unable to utilize the 
conjugated folic acid of yeast, it seems possible that a factor of the liver ex- 
tracts, presumably the factor concerned with the maturation of erythrocytes, 
markedly affected the metabolism of fermentation folie acid or of tissue com- 
plexes formed as a result of its administration. Since the patient was given 
daily doses equivalent to only 3.1 mg. of free folie acid, an excretion of over 
7 mg. on each of two successive days suggests that stores of conjugated ma- 
terial were broken down to free folic acid much more rapidly than was the 
ease prior to therapy with liver extract, although other explanations must be 
considered. This patient previously had received intermittent injections of 
liver extract, the last dose having been given only fourteen days prior to the 
first dose of fermentation folie acid; further, the presence of hydrochloric 
acid in the stomach is proof that achylia gastrica did not exist. The presence 
of a macroeytie anemia that responded to therapy demonstrates that during 
the pre-treatment period the patient failed either to absorb or to synthesize 
adequate amounts of the erythrocyte maturation factor. These data strongly 
suggest that the metabolism of this conjugate of folic acid in sprue is altered 
significantly by the administration of large doses of a liver extract high in 
antipernicious anemia activity and itself effective in the treatment of sprue. 
Since this patient had recently been given injections of liver extracts, it will 
be necessary to study a hitherto untreated patient in order to demonstrate 
beyond question that fermentation folic acid can be utilized in sprue without 
the participation of exogenous factors of liver extract. It will be necessary 
also to show that therapy with liver extract, after a preliminary period on 
synthetic folie acid alone, does not augment the urinary excretion of folie acid. 
Preliminary data obtained in patients with pernicious anemia do not indicate 
that liver extracts have such an effect. 


It is not easy to interpret the findings in the patient with sprue (J. Q.) 
given pteroylhexaglutamylglutamie acid. However, one observation of con- 
siderable significance may be made, namely, that a striking clinical response 
was obtained with this conjugate, without urinary evidence for the cleavave 
of other than small amounts of the polyglutamate into free folie aeid. The 
degree of reticulocytosis observed at the peak was maximal for the initial 
erythrocyte count of 1,320,000 per cubie millimeter of blood. It will be noted 
that on the seventh day, when the reticulocytes had already risen to about 24 
per cent, the urinary excretion of folie acid was only about 54 miecrogranis. 
Whether these findings indicate that the conjugate was being utilized as such, or 
that the folie acid released from the conjugate was unusually well retained, ¢:.1- 
not now be decided. That the components of the concentrate were poorly «))- 
sorbed from the gastrointestinal tract is possible ; however, the prompt and st? \- 
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ing improvement in the clinical and hematologic condition of the patient, result- 
ing from oral therapy with the conjugate, indicates that absorption was probably 
quite complete. 

Following the parenteral administration of liver extract, in addition to 
oral dosage with the concentrate of heptaglutamate, urinary excretion of folie 
acid increased markedly, although not as promptly or as strikingly as in the 
patient given fermentation folie acid. In fact, from the data available, it is 
not possible safely to attribute the marked increase in folie acid exeretion 
during the last four days of the experiment, entirely to the effect of the liver 
extract on the metabolism of the conjugate. The progressive increase in the 
daily exeretion of free folic acid, which was observed prior to the adminis- 
tration of liver extract, suggests the possibility that the later effect might 
have occurred in the absence of the liver factor. In the light of other obser- 
vations, however, it appears more likely that a factor of highly purified liver 
extract, presumably the erythrocyte maturation factor, influenced the ability 
of this patient with sprue to release folic acid from the conjugate of yeast or 
from complexes stored in the tissues. If such an assumption is justified, it 
follows that one of the biochemical defects resulting from a deficiency of the 
erythrocyte maturation factor may be an abnormality in the derivation of 
folie acid from its conjugates; it is possible that this abnormality may lie in 
the mechanism through which the body copes with inhibitors of the enzymes 
responsible for the release of the vitamin from its naturally occurring com- 
plexes. <A defect of this type could be either partial or complete, possibly 
reflecting the fact that variable degrees of deficiency of intrinsic factor and 
probably of erythrocyte maturation factor are encountered. 


SUMMARY 

Following the parenteral administration of fermentation folie acid (pteroyl- 
diglutamylglutamic acid) in a dose equivalent to 3.1 mg. of pteroylglutamic 
(folie) aeid daily, the clinical and hematologic manifestations of sprue 
were rapidly and strikingly improved in a patient previously treated with 
liver extracts. Urinary studies showed that the patient excreted, prior to 
treatment, amounts of the free vitamin significantly lower than those usually 
encountered in normal subjects or those with pernicious anemia. Adminis- 
tration of the conjugate caused the elimination in the urine of free folic acid 
in an amount indicating that a very large proportion of the conjugate was 
converted in vivo to the free vitamin, although the amounts excreted during 
the first three days of therapy suggested that greater retention occurred when 
the need was greatest. When purified liver extract free of folie acid was 
adininistered, in addition to fermentation folic acid, a remarkable increase 
in ‘he urinary excretion of free folic acid occurred, a level of approximately 
7 11g. daily was maintained for two days, a circumstance which suggests that 
the erythrocyte maturation factor may be concerned with the release of stored 
coli plexes of folie acid or that in some other manner it affects the metabolism 
of iolie acid. 
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Oral administration of a concentrate of vitamin B. conjugate (pteroyl- 
hexaglutamylglutamie acid) of yeast, in daily doses equivalent to 8.4 mg. of free 
pteroylglutamie (folic) acid, caused rapid clinical improvement in a patient 
with sprue given no previous treatment with liver extracts, yeast, or vitamins. 
The reticulocyte response was maximal for a patient with an initial erythro- 
eyte count of 1,320,000 per cubie millimeter. Urinary studies showed at first 
only small increases in the excretion of the free vitamin, although the amount 
gradually increased to 0.32 mg. on the ninth day following initiation of 
therapy. Whether the small amounts excreted are indicative of utilization of 
the conjugate as such, or whether they suggest an unusually marked retention of 
free folic acid released from the conjugate, cannot be determined at present. 
Poor absorption is unlikely in view of the prompt and striking clinical and 
hematologic improvement observed. Following the administration of purified 
liver extract (free of folie acid), in addition to the conjugated vitamin, the 
daily urinary elimination of folic acid was increased to 0.93, 1.50, and 1.14 mg., 
respectively, on the second, third, and fourth days of additional therapy with 
the liver extract. Although these findings do not offer conclusive evidence, 
they strongly indicate that augmentation of the urinary elimination of free 
folic acid resulted from an effect of a component of purified extracts of liver 
on the metabolism of this naturally occurring complex of folie acid or on 
tissue complexes stored as a result of therapy with the conjugate. 
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SULFACARBOXYTHIAZOLE: ABSORPTION, EXCRETION, TOXICITY, 
AND THERAPEUTIC RESULTS IN BACILLARY DYSENTERY 
AND NONSPECIFIC DIARRHEA 


Harotp L. Hirsu, M.D., L. Hickman, M.D., Lewis K. Sweet, M.D., 
AND Harry F, Dow .ine, M.D. 
WasuHineton, D, C. 


HE sulfonamides have been classified as absorbable or poorly absorbable, 

depending upon whether or not they pass through the gastrointestinal wall 
following oral administration. Poorly absorbable sulfonamides may be superior 
to those which are more readily absorbed in the treatment of enteric infections 
caused by sulfonamide-sensitive bacteria and for the preparation of patients 
who are to undergo bowel surgery for two reasons: first, the poorly absorbable 
sulfonamides are present in high concentrations within the intestines and, second, 
most of the systemic toxic reactions are avoided when the poorly absorbable 
compounds are used. 

Sulfacarboxythiazole (2-sulfanilamido-5-carboxysulfathiazole)* is re- 
cently synthesized compound in which a carboxy group is substituted on the 
thiazole ring of sulfathiazole. It differs from previously synthesized poorly 
absorbable sulfonamides such as succinylsulfathiazole and phthalysulfathiazole 
in that these latter drugs are made by the substitution of either a succinyl or 
phthalyl radical on the para-amino group. The activity of these drugs is de- 
pendent on their breakdown in the bowel to sulfathiazole, this being accomplished 
in the ease of sulfacarboxythiazole by decarboxylation and in the ease of the 
other two compounds by hydrolysis. When determinations for sulfacarboxythia- 
zole are made on blood, feces, and urine, the designation ‘‘free drug’’ denotes the 
amount of sulfathiazole and sulfacarboxythiazole present. The designation 
‘total drug’’ indicates the quantity of free drug plus the amount of the con- 
jugated or bound form. The latter form of the drug consists of acetylsulfathia- 
zole and acetylsulfacarboxythiazole. 


Poth and Ross! have shown that phthalysulfathiazole in one-half the dosage 
wus as effective as succinylsulfathiazole in the alteration of the coliform flora 
of the bowel of man. In equivalent doses the two drugs gave similar low blood 
coneentrations (1 to 1.5 mg. per 100 ¢.c.) with 10 per cent of the succinylsul- 
fathiazole recovered in the urine, while only 5 per cent of the phthalylsulfa- 
thiazole was similarly recovered. White and associates? found sulfacarboxy- 
thiazole to be similar to phthalysulfathiazole with respect to solubility, absorp- 
tion, and in vitro bacteriostatic action against dysentery bacilli. Other studies?‘ 
have shown sulfacarboxythiazole to be poorly absorbable, equally as bacterio- 
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static as sulfaguanidine in vitro and in vivo, as well as nontoxic in man and 
animals. These preliminary data warranted a clinical study of this drug, the 
results of which we are reporting in this paper. 


ABSORPTION AND EXCRETION 


Sixty subjects were given sulfacarboxythiazole in doses varying from 0.1 
to 0.5 Gm. per kilogram of body weight per day for periods of three to fifteen 
days. The total daily dose was caleulated for each subject. One-half of this 


amount was given initially, followed by one-sixth at four-hour intervals. The 
free and total blood sulfonamide concentrations were determined daily by the 
method of Bratton and Marshall.° Blood was taken for this purpose twenty-five 
to twenty-seven hours after the initial dose of sulfacarboxythiazole had been ad- 
ministered and at twenty-four hour intervals thereafter. Blood was obtained 
from two of the subjects four hours after sulfacarboxythiazole had been ad- 
ministered, and the drug was found to be present at that time. 

Sinee the free and total concentrations were essentially the same in over 
90 per cent of the determinations, only the total values are recorded. Among 
the few instances in which the conjugated form was present in significant 
amounts, it was never found to comprise more than 19 per cent of the total 
amount of the drug present. In Table I are listed the range of the total blood 
concentrations found for each dosage schedule. Ninety per cent of the blood 
concentrations were less than 1 mg. per 100 ¢.¢., although concentrations as 
high as 2.7 and 4.3 mg. per 100 ¢.c. were observed in isolated instances. There 
was no relationship between the duration of treatment and the height of the 
blood concentrations. In several subjects the highest concentrations were found 
after two or three days of treatment, whereas lower concentrations occurred later 
in the course of the study. In general, higher blood concentrations were found 
in the group of subjects who received the larger doses. Traces of the drug were 
found in the blood for one to three days after the drug had been discontinued. 

Four subjects, two of whom had bacillary dysentery and two of whom 
were healthy individuals, were given sulfacarboxythiazole for 40 to 112 hours. 
The total daily dose was calculated on the basis of 0.25 Gm. per kilogram of 
body weight. This was divided into six equal doses which were given at four- 
hour intervals. The initial dose was one-half the total daily dose. No restric- 
tions were placed on the intake of food and fluid on any of the subjects, exeept 
that the patients with dysentery were maintained on a liquid diet for the first 
twenty-four hours. Before the drug was administered each subject evacuated 


TABLE I. BLOOD CONCENTRATIONS FOLLOWING ADMINISTRATION OF VARIOUS DOSAGES 
SULFACARBOXYTHIAZOLE 


DOSAGES BLOOD LEVELS NUMBER U¢' 
(GM./KG. OF BODY WEIGHT) (MG./100 c.c.) DETERMINATIONS 
0.10 0.00 to 1.2 588 
0.20 0.45 to 1.0 f 
0.25 0.16 to 4.3 8 
0.50 0.27 to 2.7 2 
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TABLE II. AMOUNTS OF SULFACARBOXYTHIAZOLE EXCRETED IN FECES AND URINES OF HUMAN 
SUBJECTS FOLLOWING ORAL ADMINISTRATION 


Part I 
GRAMS RECOVERED 
ADMIN- FECES | URINE 
SUBJECT STUDY ISTERED "REE TOTAL | FREE TOTAL 
AD. Is 5. 15.0 0.65 0.72 

9.0 0.36 0.46 

0.72 0.10 0.13 

0.16 0.26 

0.02 0.28 

10.0 0.50 0.60 

15.0 0.65 0.81 

10.9 0.60 0.69 

5.5 0.30 0.39 

0.078 0.078 0.045 0.57 
0.89 0.21 0.227 

13.9 0.35 0.44 

0.35 0.40 

16.8 0.34 0.40 

12.1 0.28 0.35 

12.61 0.16 0.21 
0.018 0.03 0.035 

0.013 


| 
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No stool 
22.25 
20.0 

0.1 


| 


Part II 
SUBJECT H. D. 


A. Reeovered from feces 
Grams free 24.7% 40.278 66.563 42.10 
Grams total 24.7% 41.678 67.168 42.35 
Per cent of administered bE 83.0) 86.11 92.06 

drug 
Per cent conjugated 3. a 0.5 

B. Kecovered from urine 
Grams free .290 eke 2.54 
Grams total 98 
Per cent of administered 5.92 5. 2.66 yo | 

drug 
Per cent conjugated 9.5 d i, 22.3 
C. Recovered from feces and 
urine 
Grams free 26.010 68.296 44.64 
Grams total 26.318 : 69.245 45.62 
Per cent of administered 97.47 99.17 
drug 
Per cent conjugated 0.78 


his bowels and bladder. The total daily stools and urines were collected there- 
al'er and analyzed for free and total sulfonamide content until the drug was no 
lo.ger detectable in the exereta. 


The technique of these determinations was as follows: The total daily 
fe-es were emulsified in 1,000 to 2,000 ¢.c. of tap water and filtered several 
tines through cotton gauze. An aliquot portion was diluted anywhere from 
1: to 1:500 with tap water depending on the concentration of sulfonamide 
an! icipated. This solution was tested for its sulfonamide content by the method 


545, 22 No stool 0.64 0.67 
24 22.0 1.4 
20.0 0.4 0.7 
0.1 0.3 0.4 
0.1 0.1 
B. O. | W. D. G. L. 
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of Bratton and Marshall. Appropriate dilutions of samples of the total daily 
urine were similarly analyzed for their sulfonamide content. 

The results of the excretion studies on each subject are shown in Table II. 
Although most of the drug was excreted during the course of administration, 
detectable concentrations were found in the excreta for two or three days after 
sulfacarboxythiazole had been discontinued. The percentages of the drug re- 
covered in the stools were between 83.4 and 92.1 per cent, of which 3.4 per cent 
or less was in the conjugated form. In the urines the amounts recovered varied 
from 2.7 to 7.1 per cent, with 16.5 to 22.3 per cent occurring as the conjugated 
form. The total amounts recovered from both excreta ranged from 88.5 to 99.2 
per cent of the amounts administered. The blood concentrations are reported 
in Table I. 

BACTERIOLOGIC STUDIES 


As part of the investigation of sulfacarboxythiazole, a study of its anti- 
bacterial activity on the intestinal flora of twenty subjects was made. The 
number of colonies of coliform organisms was used as an index of the intestinal 
population. Either the total amount of feces passed in twenty-four hours or a 
single specimen was weighed and then suspended in 1,000 to 2,000 ¢.c. of sterile 
isotonic salt solution. A series of tenfold dilutions were then made of this 
suspension. These diluted specimens were mixed in pour plates with tryptose- 
phosphate agar containing 5 mg. per 100 ¢.c. of para-aminobenzoie acid. The 
plates were incubated overnight at 37° F., after which time the colonies were 
counted and the number ealeulated for each gram of feces. The number of 
coliform colonies per gram present on the day treatment with sulfacarboxy- 
thiazole was started and thereafter, including the first few days after treat- 
ment had been discontinued, are shown in Table III. In each instance a control 
culture taken the day before treatment revealed innumerable colonies of coli- 
form organisms. Within twenty-four hours there was considerable decrease in 
the number of colonies. Thereafter the cultures were sterile or only oceasional 
colonies were observed, until the drug was discontinued, after which the coli- 
form population steadily increased. 


CLINICAL STUDY 


Fifty patients with diarrhea were treated with sulfacarboxythiazole. 
Shigellae were isolated in thirty patients and salmonellae in two, and in the 
ease of eighteen patients the causative organism was undetermined. Forty 
patients were below the age of 12 years; the other ten were between 22 and 54 
years of age. There was no evidence of any other disease in any of the patienis 
in this series. The total daily dose employed for the children was caleulat«: 
on the basis of 0.1 Gm. per kilogram of body weight. The initial dose w:s 
equivalent to one-half the total daily dose, and thereafter the calculated dose 
was divided into six doses administered every four hours. The only other ther:- 
peutic measures employed were restriction of diet and administration of flui:! 
parenterally when necessary. 


= 
Gs 
q 


‘T 


0 0 () 0 I 
I 000‘00T'E 00099 000'T 
I o000°086'T 000‘0¢9 3 
I 000°0FL*F 096 
000‘006°T sol 
IT O&F 
000‘009‘T 096 3 
I 000°G66 
006°% 
000°000'S 000008 00F 
000°006 
I 09 
000°000'F 000°006 O000‘09T o9¢ 
I 000‘000°F 000°089 000°C! 
I 000082 009 
I 000‘0FF OZI'I 
I 000‘008‘T 00a T 
OOF 
LNALLVd 


< 


S 
< 
= 
=< 
< 
< 
= 
5 
re 
= 


GQaLYVLS 


(sa0a,q WVYD YAd SNSINVDYO JO SAINOTION JO 
NV SV SNSINVDYQ WAOATION DNISQ NOMLVINdOd IVIYALOVA IWNILSALNT NO JO ‘TTT 


ig 
| 
1309 
| 
= 
| 
| 
| : 
| 
| 
A 
| 
} 
1] 
| 
| 
| 
| 
| 
| 


1310 HIRSH, HICKMAN, SWEET, AND DOWLING 


TABLE IV. RESULTS OF SULFACARBOXYTHIAZOLE THERAPY IN FIFTY PATIENTS WITH DIARRITEA 


|DAY OF TREAT- 
MENT ON 
WHICH RECTAL | DAY OF TREAT- 
CULTURES BE- DAY OF TREATMENT MENT ON WILICH 
NuM- | CAME FREE OF ON WHICIL DIARRHEA PATIENTS 
BER PATHOGENS ABATED BECAME AFEBRILI 
OF | | | no | | 
CAUSATIVE PA- | | | RE- | AFEB- 
ORGANISM TIENTS 3 | | 3| 41] 5 |SPONSE| RILE 
Shigetla dysenteriae 
Flexner 
Newcastle 
Sonne 
Salmonellae 
Unidentified 


The results of the administration of sulfacarboxythiazole in these rifty pa- 
tients are shown in Table IV. In the group with specifie infections, the causa- 
tive organism could no longer be cultured from the stools after the fourth day 
of treatment and throughout the observation period of one to two weeks after 
treatment had been discontinued. Of the forty-six patients who had diarrhea, 
forty were free of this symptom by the fifth treatment day. For the other six 
patients the treatment was considered a failure because the diarrhea persisted 
in spite of the fact that sulfacarboxythiazole was administered for eight days. 
It is of interest, however, that the stools of four of the patients in the latter 
group contained pathogenie organisms before therapy was started and _ these 
organisms had disappeared from the stools by the fourth day of treatment. All 
of the thirty-eight patients whose temperatures were 99° F. 
time treatment was begun were afebrile by the fourth day. 


or higher at the 


TOXICITY 

Among the sixty persons who reecived the drug, six developed toxie reac- 
tions. Four patients developed diarrhea. Three of these were reeciving amounts 
totaling 0.5 Gm. per kilogram of body weight per day and the other paticnt 
0.25 Gm. per kilogram of body weight per day. The diarrhea stopped when 
the doses were decreased. One patient developed nausea and vomiting following 
the ingestion of the initial dose consisting of 14 tablets (7 Gm.) or 0.25 (im. 
per kilogram of body weight. The sixth patient developed a nodular rash similar 
to those which occur following the administration of sulfathiazole. The vash 
disappeared promptly after the drug was discontinued. 

No abnormal findings were observed in the blood or urine of any o! the 
subjects, although these were examined at frequent intervals during the course 


of study. 
DISCUSSION 


Sulfacarboxythiazole is a poorly absorbed rather than a completely ‘on- 
absorbable sulfonamide compound. In a series of 105 determinations, only 
oceasionally was the total of the free and acetylated drug above 1 meg_ per 
100 eubie centimeters. Sulfacarboxythiazole was recovered from the uri:e of 
several subjects in amounts up to 7.1 per cent of the total amounts adminis‘:-red. 
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SULFACARBOXYTHIAZOLE 


Additional evidence that sulfacarboxythiazole was occasionally absorbed in sig- 
nificant amounts was the nodular rash which was observed in the case of one 
patient. From these studies it appears, however, that almost all the drug is 
available in the active form in the bowel, since less than 38.4 per cent of the 
amounts recovered in the feces were in the conjugated form. 


The results of this study of the absorption and exeretion of sulfacarboxy- 
thiazole are consistant with those reported by Harris and Finland.* These 
investigators found that blood concentrations were usually -below 1 mg. per 
100 ee. but that coneentrations up to 2 me. per 100 ©. were occasionally 
observed. Whereas amounts of 83.4 to 92.1 per cent of the drug were recovered 
in the feees of our patients, Harris and Finland* found only 54.6 to 82.9 per 
eent. Furthermore, the amounts which they demonstrated in the urines of 
their group of patients were higher, 9 to 23 per cent, in comparison to recovery 
amounts of up to 7.1 per cent in our series. In both series only small amounts 
of the conjugated form of the drug were present in the feces. 


TABLE V. RESULTS OF SULFADIAZINE THERAPY IN Flirty PATIENTS WITH DIARRHEA 


| DAY OF TREATMENT | 
| ON WHICH 
| 


DAY OF TREATMENT 
DAY OF TREATMENT ON WHICIL 
ON WIICIL DIARRHEA 


ABATED 


RECTAL CULTURES 
BECAME FREE OF PATIENTS BECAME 
| NUMBER | PATHOGENS AFEBRILE 
Or | | | | | | NO | | 
PATIENTS | 1 | RESPONSE] \FEBRILE 


| 


CAUSATIVE 
ORGANISM 


Shigella dysenteriae 


Flexner 24 6 2 ke 2 4 12 6 2 

Neweastle 8 6 1 ] ] 6 | 

Sonne 2 | | 2 
Unidentified 15 2 6 2 2 


Sulfacarboxythiazole has been found to be satisfactory in the treatment 
of fifty patients with diarrhea. The results of treatment in this group were 
compared with the results (Table V) observed in fifty patients with similar 
illnesses who were treated with sulfadiazine prior to the period that sulfaear- 
boxythiazole was employed. Stool cultures became negative within four days in 
both groups. Ninety-two per cent of the sulfadiazine-treated patients were free 
of diarrhea by the fourth treatment day, while 87 per cent were similarly im- 
proved when treated with sulfacarboxythiazole. This difference is not considered 
Significant. Four sulfadiazine-treated and six sulfacarboxythiazole-treated pa- 
tients continued to have diarrhea with negative stool cultures even though the 
drug was continued for eight days. Of the failures in the latter group, four 
improved on a course of sulfadiazine, although two of these patients had not 
responded at first to this drug. Sulfadiazine was ineffective in the two remain- 
ing patients who had failed to improve when they were given sulfacarboxy- 
thiazole. All patients in both groups who had elevated temperatures at the time 
treatnient was started were afebrile within three days. 

The only other clinical evaluation of this sulfonamide was reported by 
Harri. and Finland.2 They noted prompt recovery in five patients with dys- 
entery following the administration of sulfacarboxythiazole. 
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In anticipation of the use of sulfacarboxythiazole in the preparation of 
patients for bowel surgery, stool cultures on plain agar plates were taken daily 
on twenty subjects. The prompt disappearance and continued absence of most 
of the intestinal flora from the stools while the drug was continued would make 
it appear that the drug is effective as an intestinal antiseptic. 


SUMMARY AND CONCLUSIONS 


1. Sulfacarboxythiazole (2-sulfanilamido-5-carboxythiazole) is a poorly ab- 
sorbed sulfonamide when given orally. Blood concentrations were usually below 
1 mg. per 100 cubic centimeters. The exeretion of the drug in the stools varied 
between 83.4 and 92.1 per cent of the amount ingested, while the urinary excre- 
tion ranged from 2.7 to 7.1 per cent of the oral dose. 

2. Sulfacarboxythiazole gave satisfactory results in forty-four out of fifty 
patients with diarrhea. The results of this treatment compare favorably with 
the results of sulfadiazine therapy in a similar group of fifty patients. 

3. Six patients developed toxic reactions from sulfacarboxythiazole.  Cas- 
trointestinal symptoms developed in five patients, in four of whom the large 
doses administered were undoubtedly responsible. A sixth patient developed a 
nodular skin rash. 

4. Sulfacarboxythiazole appears to be a useful sulfonamide in the treat- 
ment of enteric infections caused by sulfonamide-sensitive bacteria and deserves 
a trial in the preparation of patients who are to undergo bowel surgery. 


We wish to thank Miss C. Barbara O’Neil for technical assistance. 
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THE CONCENTRATION OF STREPTOMYCIN IN DOG BILE 


MARTIN GUTMANN, M.S., Ricuarp TrRocKMAN, M.D., anp A. C. Ivy, M.D., Pa.D. 
Cricago, IL. 


TREPTOMYCIN has been found to be effective against the intestinal types 
S of microorganisms, including Escherichia coli, and the dysentery and typhoid 
organisms. 

Reimann, Elias, and Price! and the Committee on Chemotherapeutic and 
Other Agents of the National Research Council® have used streptomycin in the 
treatment of patients with typhoid fever. No evidence was obtained proving 
that the duration or mortality rate was influenced because too few eases were 
studied. 


Rutstein and associates*® studied the effect of streptomycin on three typhoid 
carriers. They found that 150,000 units given intramuscularly every three hours 
produced effective blood levels but did not affect the typhoid bacilli in the stool. 
Following the oral administration of 31,000 units every three hours, a definite 
transitory bacteriostatic effect on the typhoid bacilli in the stool was obtained. 
Typhoid bacilli grow well in bile, and organisms remaining in the gall bladder 


and in the bile may be responsible for the carrier state. However, Rutstein and 
his associates did not simultaneously use the oral and parenteral routes of ad- 
ministration. 


The results of studies on the excretion of streptomycin in the bile of the 
rabbit and the human patient have been reported. Stebbins, Graessle, and 
Robinson* found that rabbits exereted from 5 to 10 per cent of intravenously 
administered streptomycin. Zintel and co-workers’ gave 600,000 units  in- 
travenously to two human patients and obtained streptomycin levels in the bile 
of 8 units per cubic centimeter. Heilman and associates® gave one patient 100,000 
units intramuscularly every three hours for five days. They obtained bile con- 
centrations as high as 13 units per cubie centimeter. The serum level at the 
same time was 6 units per eubie centimeter. It was concluded that the liver 
could coneentrate the drug. Zaslow,’ in a preliminary report, administered 
streptomycin to patients before cholecystectomy and obtained considerable 
amoints of the antibiotic in gall bladder bile, if the eystie duct was patent. In 
the case of an obstructed cystic duct, no streptomycin was found in the gall 
bladier. Even though the drug remained in the gall bladder for a considerable 
lengih of time, he found no evidence of absorption or concentration. In intra- 
hepaiic and in obstructive jaundice, no antibiotic agent was excreted in the bile. 
In patients with normal livers, considerable amounts of streptomycin appeared 
in th: hepatie bile; however, the level of streptomycin activity in the bile was 
less than that in the blood, indicating that the liver did not concentrate this anti- 


From the Department of Physiology, Northwestern University Medical School. 
t.eceived for publication, Sept. 23, 1946. 
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biotic agent. Zaslow did not, however, administer sufficient streptomycin to pro- 
duce a high level in the serum and bile. 

In this investigation we attempted to answer the following questions: 
(1) Can high levels of streptomycin be obtained in hepatie bile? (2) Can high 
levels of streptomycin be obtained in gall bladder bile? (3) Is streptomyein con- 
eentrated by the normal gall bladder? 

EXPERIMENTAL 

Five dogs were anesthetized with pentobarbital. The common bile duct was 
cannulated, and the eystie duct was clamped off. 

During the course of twenty minutes, streptomycin was given by intravenous 
drip in amounts ranging from 187,000 to 375,000 units. In Table I are given 
the results for a typical dog. 

In an attempt to ascertain whether the liver would concentrate the drug, one 
dog was treated similarly, and simultaneous blood and hepatie bile levels were 
obtained. The results are shown in Fig. 1. 


DOG -375000u STREPTOMYCIN 
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HOURS AFTER ADMINISTRATION 
Fig. 1. 


The concentration of streptomycin in gall bladder bile was investigated in 
six unanesthetized dogs which received the drug by intravenous drip and which 
were anesthetized one hour after the administration of the drug. Three o! the 
dogs were in a fasting state, and three others received a meal of egg yolks and 
eream five hours before the experiment. The results are shown in Table Ii. 

Twelve more dogs received streptomycin intramuscularly while in the ‘ast- 
ing state. Three were given a single injection at 7 p.m. on the first day. At 
11 A.M. on the second day, the animals were anesthetized and their gall bladder 
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content was removed. The other nine dogs received a total of seven injections 
ach, four at three-hour intervals beginning at 10 A.M. on the first day and three 
more injections beginning at 10 a.m. on the second day. The animals were anes- 
thetized at 11 a.m. on the third day. The results are shown in Table IIT. 


TABLE T. Dog A-2 (187,500 UNITS oF STREPTOMYCIN ) 


STREPTOMYCIN | 


MINUTES AFTER | BILE | CONCENTRATION IN | TOTAL 
STARTING INTRAVENOUS | VOLUME | BILE STREPTOMYCIN 

DRIP (C.C.) | (UNITS PER C.c.) (UNITS) 

Control 0 0 

30 4.3 6 26 

60 3.0 50 150 

120 4.6 135 621 

165 29 ais 


TABLE IT. 


| STREPTOMYCIN 
| CONCENTRATION 
STREPTOMYCIN IN BILE 
| 
| 


DOG (UNITS) | MEAL (UNITS PER C.C.) 
B-1 50,000 None 

B-2 50,000 None 0.6 

B-3 50,900 Egg yolks and cream 0 

B-6 50,900 Egg yolks and cream 0 

B-10 375,000 None 22 

B-11 375,000 Egg volks and cream 25 


TABLE ITI. 


TOTAL AMOUNT OF | AVERAGE 
NUMBER NUMBER OF STREPTOMYCIN AVERAGE VOLUME OF STREPTOMYCIN 


OF INTRAMUSCULAR _ | RECEIVED | GALL BLADDER BILE | CONCENTRATION 
DOGS INJECTIONS (UNITS) (E.C.) | (UNITS PER C.C.) 
] 1 100,000 1] <2 
2 1 160,000 20 2 
3 7 140,000 11 <2 
3 7 280,090 ais 2.5 
7 420.000 10 4.5 


DISCUSSION 


The results on the five dogs with a cannula in the common duet indicate that 
a maximum eoneentration of streptomycin in hepatic bile was reached in two 
or three hours. The highest level obtained, 135 units per eubie centimeter, was 
in Dog A-2 which received 187,500 units by intravenous drip in twenty minutes. 
Sma!! amounts of streptomycin were still present in the bile after ten hours. 
The ‘otal amount excreted in the bile was only a fraction of a per cent of the 
amount administered. 

‘he graph in Fig. 1 shows that two hours after starting the intravenous 
drip ‘ie serum concentration was 30 units of streptomycin per cubic centimeter 
Whil the concentration in hepatic bile was 64 units per cubie centimeter, indicat- 
ing that the normal liver of the dog concentrates streptomycin. 

The results in Table II indicate that 50,000 units given intravenously are 
inade uate to produce high levels in the gall bladder bile, irrespective of whether 
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a meal of egg yolks and cream was given or not. With 375,000 units, adequate 
levels of streptomycin in the gall bladder were obtained. Here also a meal of 
egg yolks and cream made little difference. 

The results on the dogs which received streptomycin intramuscularly in- 
dicate that: (1) A single intramuscular injection of the drug will produce about 
as high a concentration in the gall bladder as will the same quantity divided into 
several doses; and that (2) the gall bladder does not appear to concentrate 
streptomycin since repeated intramuscular injections do not produce nearly as 
high a level in the gall bladder bile as does smaller doses given intravenously 
during the course of twenty minutes. 


SUMMARY 


1. Studies on streptomycin in hepatie and gall bladder bile of twenty-three 
dogs were conducted. 

2. High levels of streptomycin were observed in both hepatie and gall 
bladder bile when relatively large doses were given slowly intravenously. 

3. The liver was observed to concentrate streptomycin in one experiment. 

4. The gall bladder does not concentrate streptomycin. The salt of strepto- 
mycin, being soluble in saline solution, is apparently absorbed along with water 
and electrolytes when the bile is concentrated by the gall bladder. 


The authors wish to acknowledge the assistance of Mr. D. W. Aldrich of the Commercial 
Solvents Corporation, Terre Haute, Ind., in making the streptomycin assays by the paper-disk 
plate method. 
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CUTANEOUS TEST WITH COCCIDIOIDIN 
REVIEW OF THE LITERATURE AND REPORT OF A SERIES IN TEXAS 


D. M. Haynes, M.D., W. T. Hess, M.D. 
Daas, TEXAS 


INCE the original description of coccidioidal granuloma in South America 
by Wernicket and Posada? in 1892 and in North America by Rixford and 
Gilchrist** in 1894 and 1896, great advances have been made in our under- 
standing of the nature of the disease,° of its pathologie,” * clinieal,*"? and epi- 
demiologic’’ features, and especially of the diagnostic criteria involved. Among 
these criteria, one of the most objective and, therefore, reliable is the specific 
skin test with coccidioidin, which is regularly used in ruling coccidioidomyeosis 
in or out in eases having a clinical picture compatible with the disease. Although 
the test is widely used, there has been to date no comprehensive review of the 
literature pertaining to it; it is the purpose of the present report to fill this need 
and to present the results of a series of coecidioidin tests performed in Dallas, 
Texas. 

Cooke,'* 1° in 1914 and 1915, first undertook investigations sighted at the 
detection of agglutinins, precipitins, and complement-fixing substances in the 
serum of patients with ecoccidioidal granuloma, and her work gave the impetus 
to other workers to investigate cutaneous reactions in this disease. Using anti- 
gens prepared from the mycelial growth on solid culture mediums and from 
the sporelike bodies present in the exudate from lesions, Cooke concluded that 
these antigens could not be used to demonstrate specifie complement-fixing sub- 
stances or agglutinins in the blood serum of patients nor did they produce any 
specific skin reactions. She found precipitins in serum diluted 1:160 and mixed 
with an extract of dried cultures. These studies were continued in 1916 by 
Cummins and Sanders! who reported that, although they could not demonstrate 
agglutinins, precipitins, or complement-fixing substances in the serum of 
patients and animals with the disease, the concentrated filtrate from heated 
and unheated broth cultures caused a cutaneous reaction in some of their 
infected rabbits and to a lesser degree in normal rabbits. Davis'® obtained 
com»lement-fixing reactions with a concentrated culture as antigen and re- 
ported an intradermal skin reaction with killed homologous organisms defi- 
nitely more marked than that obtained following the injection of a similar 
antiven made from cultures of Sporothrix, Blastomyces, or agar. Hirsch 
and Benson'® concluded from the known histologic reactions to Coccidioides 
imnitis, with its similarity to the specific reaction to Mycobacterium tuber- 
culo.'s and its lack of identity with a nonspecific foreign body reaction, 
that some soluble substance is produced by C. immitis which resembles, 


®rom Parkland Hospital and the Department of Pathology, Southwestern Medical College. 
Received for publication, Oct. 3, 1946. 
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in some respects at least, the tubereulin produced by the tubercle bacillus 
and that skin reactions can be obtained in patients and animals infected 
with C. immitis which resemble those with tuberculin in tubereulous hosts. 
Using a modification of the medium used by Braun and Cahn-Bronner™ in 
their studies of general bacterial physiology, they’® found that growths of 
C. immitis in effect liberate a soluble specifie substance causing skin re- 
actions in infected animals and patients. Hirsch and Benson were the first 
workers to study the properties of this soluble specific substance. They 
found that it is not destroyed by heating to 80° C. for thirty minutes and 
that it is flocculated by electrodialysis. In 1928, da Fonseea and de Area 
Leaio'® gave the first aceurate description of a positive eoecidioidin skin 
test. They pointed out that sensitive specific reactions are obtained to fil- 
trates of C. immitis injected intradermally and that these reactions consist 
of an erythema accentuated at the inoculation site and a papular erythema- 
tous induration appearing several hours after injection and gradually in- 
creasing to a maximum in twelve to twenty-four hours. They further 
observed that the test may be accompanied by temperature elevation and 
foeal reaction in patients with coecidioidal granuloma. 

Beek, Traum, and Harrington'® further studied the problem in animals 
and raised the question of possible cross reactions with tuberculosis, report- 
ing weakly positive tuberculin reactions in animals infected with C. immitis. 
Hurwitz, Young, and Eddie?’ also reported positive cocecidioidin reactions 
in patients having no known coccidioidal infection. However, Gifford, Buss, 
and Douds,?' in an extensive survey in Kern County, California, and in 
studies of patients with San Joaquin fever, showed specificity of the coecid- 
ioidal reaction and were pioneers in reporting a high incidence of positive 
tests in individuals living in the San Joaquin valley. Dickson and Gifford,” 
in 1938, following the preliminary work of Jacobson,** showed that cutaneous 
sensitivity to coccidioidin occurs six to seven days after the inoculation of 
guinea pigs and rabbits by chlamydospore inhalation. These authors”® stated 
that the active antigenic substance was not identified, questioning by implica- 
tion the work of Hirsch and Benson'® (vide supra). They also made the 
observation that patients with valley fever react with a violent necrotizing 
response to the intradermal injection of 0.1 ¢.c. of filtrate, as advocated by 
Jacobson in a study the results of which were further corroborated by 
Dickson?* > in the same year, when he showed that the reaction of valley 
fever patients to coecidioidin was much more violent than that of patients 
with coccidioidal granuloma. This finding repudiated the preliminary im- 
pression of da Fonseca and de Area Leao'* (vide supra). 

Kessel,?* in 1939, showed that in the final stages of coecidioidal granu- 
loma four weeks before death the skin test is negative but that other aciive 
eases of coccidioidal granuloma prior to the final stages give a positive s\in 
reaction. He also demonstrated that patients with tuberculosis as a rule 
give negative reactions, that guinea pigs experimentally inoculated with 
Myco. tuberculosis give a negative coccidioidin skin test and a_ posilive 
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tuberculin test, and that guinea pigs experimentally inoculated with C. im- 
mitis give a positive coccidioidin skin test and react negatively to tubereulin 
tests. By these experiments, Kessel furnished objective evidence to support 
the presumedly high degree of specificity inherent in the coceidioidin skin 
test, a specificity which had already been suspected by Dickson.** 

The investigation of coccidioidin sensitivity in children and the correla- 
tion of positive tests with the existence of a syndrome consisting of fever, 
cough, aching, anorexia, sore throat, and pleural pain followed in from a 
few days to two and one-half weeks by erythema nodosum and_ positive 
sputum culture at the time of coccidioidin positivity, was undertaken in 1939 
by Faber, Smith, and Dickson,?® and their results checked closely with those 
anticipated on the basis of previous studies. In the following year, Smith* 
further studied the epidemiologic aspects of coecidioidomyeosis by perform- 
ing intradermal tests on healthy volunteers who had had elinical San Joaquin 
valley fever. These tests were all strongly positive; however, sensitivity 
to the antigen aequired from clinical infection could not be differentiated 
from sensitivity due to reinfection, since the subjects were residents of an 
endemie area. An isolated example suggesting strongly that sensitivity ac- 
quired during initial contact with the organism is permanent was cited. 
Smith’s results indicated also that sensitivity to coccidioidin is established in 
from two to seventeen days following the onset of symptoms. 

The geographie distribution of endemie centers of coccidioidal infection 
as determined by cutaneous test is listed by Davis, Smith, and Smith" and 
according to these writers includes, besides the San Joaquin valley, Southern 
California, Arizona, Texas, and probably New Mexico and Mexico. Sporadic 
cases are also said to have been reported from Europe and from the Chaco 
region of South America. A new endemic area at Camp Roberts, California, 
was deseribed in 1942 by Shelton,*! who, using the antigen supplied by Dr. 
C. E. Smith (the same antigen as was used in the series reported in the 
present paper), showed that of 736 soldiers who came from other parts of the 
United States to Camp Roberts fourteen became infected during three months’ 
residenee there. His original series of tests on 888 soldiers constituting a hetero- 
geneous group chiefly from the Middle West (Illinois, Missouri, Nebraska, 
Arkansas, and Texas) resulted in eleven positive reactions or 1.2 per cent 
incilence of positivity. In the same year (1942), Aronson, Saylor, and Parr,* 
working in the endemic area of Arizona, demonstrated presumptively that the 
occurrence of ealeified pulmonary nodules may be due to pulmonary infection 
with C. immitis, using the coccidioidin skin test and the tuberculin test as 
critcria for evaluation of the roentgenograms. Previously, in 1939, Phillips** 
had drawn attention to possible endemicity of coccidioidal infection in Phoenix, 

Arizona, but he quoted a series too small to constitute more than suggestive 
evidence of sueh endemicity. 

Smith®* has interpreted the skin reaction to coccidioidin as a nonspecific 
allersie manifestation of a specific sensitization. He pointed out that the 

sens iivity to eoecidioidin becomes established in clinical cases of primary 
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coceidioidomycosis just before the appearance of the characteristic erythema 
nodosum, which must be present in order to establish a diagnosis of valley 
fever. He points out, further, that this eruption may represent either an 


undulating allergy or an effect of a circulating antigen in a hypersensitive 


person. 


Peers, Holman, and Smith*? further demonstrated the usefulness of the 


cutaneous reaction to coccidioidin in differentiating coccidioidomyecosis from 
pulmonary tuberculosis. In an epidemic of primary pulmonary coccidioidomy- 


cosis comprising seventy-five cases reported by Goldstein and Louie,** there was 


100 per cent correlation between the clinical entity and the skin test. In a 
recent paper, Denenholz and Cheney* stress the diagnostie significance of the 
coccidioidin skin test, pointing out that a positive test probably has the same 
meaning in coccidioidomycosis as a positive reaction to tuberculin has in tuber- 
culosis; it indicates that the patient has, or has had in the past, a coecidioidal 
infection, either clinical or subclinical, and does not necessarily imply that a 
positive reactor’s present illness is due to infection with C. immitis. A negative 
eoecidioidin skin test generally excludes the possibility of a coccidioidal infection, 
with only two possible exceptions, namely, the theoreti¢ possibility that a patient 
with an active coccidioidal infection due to a strain not present in the antigen 
might react negatively to the test and the actual, but rare, possibility of negative 
reaction in a patient with severe disseminated coceidioidomycosis in a late 
anergic phase. 

Emmons and Ashburn** have demonstrated that there is some cross sensi- 
tivity between C. immitis and a fungus isolated by them from rodents in Arizona 
which they have named Haplosporangium parvum. It may be that this eross 
sensitivity is responsible for the borderline positive reactions to coccidioidin com- 
monly encountered in persons living in some areas in the Middle West, as pointed 
out by Smith.** In any case, the test may legitimately be considered highly 
specific in the overwhelming majority of cases, indicating coccidioidal infection, 
past or present. 


REPORT OF A SERIES IN DALLAS, TEXAS 


There is no report in the literature of any series of coccidioidin skin tests 
performed in Texas; yet from other series the impression has been gained that 
Texas possibly represents an endemic focus of coceidioidal infection. The present 
paper presents the results of an investigation undertaken in Dallas, Texas, with 
the purpose of determining the incidence of positive coccidioidin tests in an 
unselected series as far as probable or possible coecidioidin reactivity was con- 
cerned. In this study, 413 persons were tested. The subjects comprised 98 medi- 
cal students, 102 student nurses, 202 patients on the wards of Parkland Hospital, 
and a miscellaneous group of 11 additional individuals. The following persona! 
data were obtained from each subject before the test was performed: ag, 
previous occupations, history of erythema nodosum, previous coccidioidin test 
with result, results, if known, of previous x-ray examination of the chest, hon ¢ 
state, other places of residence, and places of travel. 
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The coeeidioidin which was used in the performance of all the tests in the 
series was obtained from Dr. C. E. Smith of the Department of Public Health at 
Leland Stanford Junior University. The antigen, as supplied, was prepared by 
growing ten strains of fungus coceidioides in the Bureau of Animal Industry 
medium, the formula used for making tubereulin modified only in the use of 
2.5 per cent glycerine rather than stronger concentrations. After the fungus 
had been grown for two months, it was Berkefeld filtered and merthiolate was 
added to a final concentration of 1:10,000. This material was subjected to 
sterility tests, animal inoculation, and tests on human beings of known sensi- 
tivity. The dilution used was 1:100 in sterile physiologic saline, and the 
tuberculin syringes used had never been used for any other procedure. Each 
needle used was employed for several consecutive tests without resterilization. 

Each test consisted of the intradermal injection of approximately 0.1 ¢.c. of 
the diluted antigen into the skin on the volar aspect of the right forearm. Spe- 
cial eare was taken that a wheal was raised at the site of injection in every mem- 
ber of the series, that is, that a true intradermal test was done. Each test was 
read in twenty-four and forty-eight hours. Any test showing a palpable in- 
duration at the injection site was considered to be a positive test; all others were 
recorded as negative. Grading of the tests was not attempted on the basis of 
standards any more minutely defined than those deseribed. 

On nine and eight, respectively, of the positive reactors to coccidioidin, 
simultaneous tuberculin and histoplasmin tests were done by MeGolrick and 
Moore®® as a part of an investigation undertaken to correlate skin tests with 
tubereulin and histoplasmin with thoracic roentgenogram evidence of pulmonary 
ealcifie nodules; the results are mentioned in the next section. 

RESULTS OF THE TESTS 

Of the 413 subjects, eleven (or 2.66 per cent) were positive reactors by 
the criteria which have been defined. This incidence of positivity is somewhat 
higher than that found by Shelton, whose group was, as noted, a homogeneous 
one taken chiefly from the Middle West, indicating that the incidence of sensi- 
tivity to coecidioidin is slightly greater than that encountered in Camp Roberts, 
California, prior to the establishment of endemicity there. No significant cor- 
relation between voeation and skin test positivity was obtained in the positive 
reactors; in fact, all but two of the reactors were persons whose occupations kept 
then: indoors and hence were not especially liable to inhalation of chlamydospores 
of immitis. 

‘ubereulin tests were done on nine of the positive reactors as part of a series 
run simultaneously with the present one by MeGolrick and Moore*’ on the nurse 
and ‘edieal student groups. To a 1:1000 dilution of tuberculin (O.T.), one. 
subjo-t reacted positively and one gave a doubtful reaction, all the remainder 
bein negative; whereas in the case of a dilution of 1:100, there were one positive 
and ‘ree doubtful reactors. In histoplasmin tests done by the same workers 
on echt of the positive coceidiodin reactors, three were found to be positive. 
Only one of these simultaneously tested subjects showed a positive reaction to 
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both dilutions of tuberculin, to histoplasmin, and to coecidioidin, although an- 
other subject who gave a clearly positive reaction to coceidioidin and_histo- 
plasmin also reacted to tubereulin in both dilutions, though doubtfully according 
to the criteria adopted by MeGolrick and Moore. In summary, the majority of 
of the coecidioidin-positive subjects in this series were found to be nonsensitive 
to antigens of tuberculosis and histoplasmosis, two common causes of pulmonary 
calcification. 

Of the positive reactors, only two had been previously tested with the 
antigen, and their reactions had been positive, corroborating the work previously 
quoted that sensitivity to coccidioidin, once acquired, tends to persist. 

The states of residence of the coccidioidin positive reactors were investigated, 
and in eases in which the person in question had been a resident at various times 
of several states, each of those states was recorded. It was found that Texas was 
at one time, past or present, the state of residence of 81.8 per cent of the in- 
dividuals studied; California was the next most frequently encountered state 
of residence (45.4 per cent), and Arizona was the third in frequency with 36.5 
per cent. Some significance can thus be attached to the faet that most of the 
positive coceidioidin reactors had at one time lived in one of several well-known 
endemie areas. The fact that the overwhelming majority had lived in Texas is, 
of course, a factor of the locale in which the survey was undertaken. Territories 
in which the members of the positive reactor group had traveled were also sur- 


veyed, and only periods of travel were included in whieh the individuals had 
remained in the various locales for at least two weeks. That three had traveled 
in Mexico is of interest in the light of the suggestive evidence that there exists 
lurking endemicity in that country,?® but a definitive survey of Mexico has not 
appeared in the indexed literature to date. 


Most of the positive reactors were white, although approximately as many 
Negroes as Caucasians were tested. This finding may be partially explained 
by the fact that the Negro population in the area surveyed have a tendency not 
to travel outside of their site of origin. It is of significanee to note that all but 
three of the positive reactors had traveled away from the place of study, some 
quite widely. 

The ages of the positive reactors ranged between 18 and 40, and most of the 
subjects fell in the age group of 18 to 20. This cannot, however, be said to 
demonstrate any significant relationship between age and_ ineidence of 
coceidioidin positivity for this series. 


SUMMARY 


1. The literature pertinent to the cutaneous test with coceidioidin is re- 
viewed. 

2. A report is made of a group of 413 subjects in Dallas, Texas, comprising 
nurses, medical students, and general hospital patients who were subject: d to 
intracutaneous coccidioidin tests. In this group, an incidence of 2.66 per cent 
positive reactors was encountered. 
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METHOD OF ASSAYING STEROIDS AND ADRENAL EXTRACTS FOR 
PROTECTIVE ACTION AGAINST TOXIC MATERIAL 
(TYPHOID VACCINE) 


LENA A. Lewis, Pu.D., IRvINE H. Pace, M.D. 
CLEVELAND, OHIO 


HE protective action of adrenal extract against the acute toxie effeets of 

typhoid vaccine and the chronic toxic effects of Staphylococcus aureus vae- 
cine in adrenal deficient rats was reported by Hartman and Scott? in 1932. The 
results of Ettelson® confirmed their protective power against typhoid vaceine 
intoxication and demonstrated the relative ineffectiveness of desoxyeorticosterone 
acetate. The possibility of using these observations as an assay method for de- 
termining what factor or factors in adrenal extract are responsible for protee- 
tion against toxic materials was evident. The following method has been evolved 
and appears to give constant and reproducible results. 


METHOD 


Male rats (Sprague-Dawley strain) weighing between SO and 120 grams each were 
adrenalectomized under ether anesthesia, and after an interval of at least five days the 
animals were ready for the test. The diet consisted of Purina dog chow. Nine-tenth per cent 
sodium chloride was offered for drinking. Room temperature was maintained between SO 
and 85° Fahrenheit. 

The minimum lethal dose (M.L.D.) of typhoid vaccine (Lederle combined TAB vae- 
cine), which would cause 100 per cent mortality within twenty-four hours when administered 
intraperitoneally, was determined on some of the adrenalectomized rats maintained on 0.9 
per cent sodium chloride. The test dose adopted was 1.33 M. L. D. The adrenalectomized 
animals not used for estimation of the M. L. D. were used for testing the protective power 
of the material to be assayed. Extracts were administered subcutaneously at 9:00 A.M. and 
5:00 P.M. if in aqueous or alcohol-aqueous solution, once a day at 9:00 A.M. if in oil. They 
were given for three days. Immediately after the last morning injection of extract, 1.35 
M. L. D. of typhoid vaccine were administered intraperitoneally. The percentage of ani- 
mals surviving twenty-four hours later was recorded. The surviving animals were then 
placed on plain drinking water. Those alive after twenty-one days were sacrificed and 
searched for remnants of adrenal tissue. If any adrenal tissue was found, the observation 
on the animal was not used in calculating the protective power of the extract. 

One toxie protection unit is defined as the amount of material, in terms of any con- 
venient unit, per twenty-four hours which will protect 90 per cent of adrenalectomized rats 
agaist 1.85 M. L. D. of typhoid vaccine, equivalent in protective power to 0.28 mg. 11- 
dehydrocorticosterone acetate. 


RESULTS 
The percentage of rats surviving twenty-four hours after 1.33 M. L. D. 
typhoid vaccine intraperitoneally, when treated with various amounts of adrenal 
extract, is shown in Fig. 1. When 1 ¢.e. per twenty-four hours of whole adrenal 
extract (Upjohn) was given, 90 per cent of the animals were protected; this 
showed that the extract, according to the foregoing definition, contained 1 toxic 
protection unit per cubie centimeter. 


From the Research Division of the Cleveland Clinic Foundation. 
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The protective power of the extract was nearly completely destroyed when 
the extract was alkalinized to pH 11.0, boiled for ten minutes, and the pH 
readjusted to pH 7.0. The equivalent of 2 ¢.c. of extract after this treatment 
showed no protective effect. 
tected 90 per cent of the animals. 

The potencies of four extracts were determined by the toxic protection test 
and compared with assay values estimated by the Ingle muscle-work test. They 
showed 1.0, 2.5, 2.2, and 10.0 toxie protection units per cubic centimeter, re- 
spectively, as compared with 1.0, 2.8, 5.0, and 11.5 units by the muscle-work 
test. One unit by the Ingle muscle-work test is equivalent to the effect produced 


by 0.2 mg. 11-dehydro-17 hydroxycorticosterone. 


One eubie centimeter of untreated extract pro- 
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Fig. 1.—Protective power of whole adrenal extract (Upjohn) against 1.83 M. L. D. typhoid vac- 


cine in adrenalectomized rats. 

When the rats were injected with between 3 and 10 mg. of desoxycorti- 
costerone acetate per day, 75 to 85 per cent survived. Summarized in Fig. 2 
are the results obtained when desoxycorticosterone acetate was administered once 
a day in peanut oil. When it was dissolved in propylene glycol and injected 
twice daily, the protective action at the lower dose levels was essentially the same 
as that when dissolved in oil. When 5.0 mg. or more, involving the injection 
of 0.5 ¢.c. or more of propylene glycol, were given, less protection was observed 
than when the material was in oil solution. 

Free desoxycorticosterone when administered in oil showed a protective 
power of 1 toxic protection unit per 2 milligrams. The protection of 90 per cent 
of the animals with 2 mg. of free desoxycorticosterone per day and 100 per cent 
of the animals with 3 mg. was interesting, since not more than 85 per cen! of 


es 


Fig, 


Fig, 3,— 


ae 
10) 
| (10) 
(10) 
10 % (10) 


STEROIDS AND ADRENAL EXTRACTS 


wo 


3 


PERCENT RATS SURVIVING 
8 


2 


3 


5 


6 


7 


8 


Fig. 


Fig. 


typhoid vaccine in adrenalectomized rats. 


(3) 


o 


~ 


an 


PERCENT RATS SURVIVING 
° 


9, 10 
mg. desoxycorticosterone acetate in ol/24 hrs. 


2.—Protective power of desoxycorticosterone acetate in peanut oil against 1.33 M. L. 
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the animals were protected when the acetate was employed in doses from 2.5 


to 10 mg. per twenty-four hours. The slightly greater solubility of desoxy- 
corticosterone over desoxycorticosterone acetate may account for the greater 


protective action. 
Corticonebenzoate protected 100 per cent of the test animals when admin- 
istered in amounts of 0.75 mg. per day, indicating slightly more than 1.3 toxic 


protection units per milligram. 

A series of experiments was carried out using 11-dehydrocorticosterone 
and 11-dehydrocorticosterone acetate prepared from adrenal tissue and 11- 
dehydrocorticosterone acetate synthetically prepared. The protective power of 
natural and synthetic compound A acetate in oil was essentially the same (Fig. 
3), being 3.6 units per milligram. Compound A in aqueous solution admin- 
istered twice daily showed a protective power of 3.1 units per milligram. The 
more constant level of the compound in the blood obtained when the hormone 
was given in oil probably accounts for the apparently greater potency of the 
compound A acetate. When administered in doses of 3.0 mg. per day, 11- 
ketoprogesterone protected 100 per cent of the animals treated; while 0.3 mg. 
per day protected 54 per cent. Progesterone in the same amounts gave no 


protection. 


PROTECTION 


COMPOUND (UNITS PER MG.) 
11-dehydro-17 hydroxycorticosterone 5.5 
11-dehydrocorticosterone acetate (natural) 3.6 
11-dehydrocorticosterone acetate (synthetic) 3.6 
11-dehydrocorticosterone (natural) 3. 
Corticonebenzoate 1.3 
11-ketoprogesterone More than 0.5, less than 3.0 
Desoxycorticosterone 0.5 
Desoxycorticosterone acetate Less than 0.1 
Acetoxypregnenolone Less than 0.1 
Methyl androstenediol Less than 0.1 
Progesterone Less than 0.5 


Acetoxypregnenolone and methyl androstenediol in doses as large as 10 
mg. per day failed to show any protection. 

Compound E, 11-dehydro-17 hydroxycorticosterone, showed 5.5 toxie pro- 
tection units per milligram. This was a little more potent than any other com- 


pound tested. 

In an attempt to determine whether the maintenance of a normal blood 
glucose level was the effective mechanism of protection against the typhoid 
toxin, some of the adrenalectomized animals suitable for testing were injected 
subeutaneously with 2 ¢.c. of 5 per cent glucose a half hour before the admin- 
istration of 1.33 M. L. D. of typhoid toxin. They were injected with a similar 
amount of glucose solution every two hours or each hour thereafter. Half of 
the animals, when they began to become moribund, were bled for blood glucose 
determination. The remainder were kept for the lethal studies. All animals 
were dead within eight hours following the administration of toxin. The blood 
glucose levels determined on animals receiving injections each two hours were 


1 
} 
TABLE I I 
a 
O 
a 
01 
ac 
h 
of 
sy 
th 
of 
9 
if 


STEROIDS AND ADRENAL EXTRACTS 1329 


70, 95, 65, 105, and 88 mg. per 100 ¢.¢., respectively; the blood glucose levels 
of those receiving hourly injections were 65, 105, 80, 120, 70 mg. per 100 cubic 
centimeters; respectively. 

DISCUSSION 

The protective power of adrenal extract, 11-dehydrocorticosterone, 11-de- 
hydrocorticosterone acetate (natural) 11-dehydrocorticosterone acetate synthetie, 
corticonebenzoate, 11-dehydro-17 hydroxycorticosterone, and desoxycorticos- 
terone against the toxic effects of typhoid vaccine when administered to adre- 
nalectomized rats closely paralleled their relative potencies as judged by their 
effects on carbohydrate metabolism. The fact that 11-ketoprogesterone showed 
toxic protective power was interesting. Data on its effect on carbohydrate metab- 
olism will be published later. All of the compounds with an oxygen at C-11 
showed high toxic protection power. The maintenance of normal or near normal 
blood glucose levels by injection at frequent intervals of 5 per cent glucose in 
saline was not, however, effective alone in prolonging the life of the typhoid 
vaccine injected animals. It appears that some other factors besides normal 
blood glucose must be active in protecting against the typhoid vaccine. 

These results suggest the possible usefulness of adrenal extract and certain 
crystalline preparations of adrenal origin in combating acute toxie reactions. 
It is possible that the administration of large amounts of these substances would 
protect patients during the most acute phases of a toxic disease, as in typhoid 
or typhus fever, especially until the amount of hormone produced by the pa- 
tient’s own adrenal would be adequate for protection. 

Further animal experiments are being carried out to determine whether 
the compounds that have been found effective against typhoid toxin are also 
able to protect against other types of bacterial toxin. 


SUMMARY 


A method has been described for determining the relative protective power 
of adrenal extracts and steroids against the toxie effects of typhoid vaccine on 
adrenalectomized rats. Of eleven erystalline compounds studied 11-dehydro-17 
hydroxyecorticosterone was the most potent. All of those compounds having an 
oxygen at C-11 exhibited marked power to protect against typhoid vaccine. The 
natural and synthetically prepared 11-dehydrocorticosterone acetate (compound 
A acetate) showed identical potency. 


We wish to thank Dr. M. H. Kuizenga of the Upjohn Company, for generous supplies 
of various adrenal extracts; Dr. E. C. Kendall of the Mayo Clinic, for the natural and 
synthetic compound A acetate, the compound E, and compound A; Dr. Irwin Schwenk of 
the Schering Corporation, for the desoxycorticosterone acetate; and Dr. B. E. Lowenstein 
of our own laboratory, for the corticonebenzoate and the 11-ketoprogesterone used in these 
stu lies, 
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TRIDIONE: A NEW ANTICONVULSANT DRUG 


R. K. Ricwarps, M.D., anp G. M. Everert, Pu.D. 
Cuicaco, 


RIDIONE (3,5,5-trimethyloxazolidine-2,4-dione) was first synthesized by 
Spielman! in a systematie search for new analgesic drugs. Pharmacologic 
studies indicated that the compound possessed analgesic properties,’ and this 
was later substantiated by clinical investigation. During further studies in 
animals it was found that Tridione suppressed convulsions caused by other drugs 
in doses which produced little or no neurologic deficits. This led to a more ex- 
tensive study of the anticonvulsant properties of the drug by Richards and 
Everett” * who suggested its possible use in epilepsy. Subsequently, Goodman 
and associates* > confirmed and extended the experimental work. Thorne® 
found this drug effective against grand mal, and Richards and Perlstein’ were 
the first to report its particular usefulness in petit mal. Lennox*: ° has reported 
extensive clinical studies with tridione. 

Clinical experience thus far indicates that tridione is an important addi- 
tion in the treatment of the petit mal triad, while its possible usefulness in 
other forms of epilepsy is still controversial and in need of further clarification. 
However, the marked effectiveness of tridione by intravenous injection is of 
interest in the management of status epilepticus and convulsions due to various 
eauses. These considerations, as well as the unusual combination of both anal- 
gesiec and anticonvulsant properties in one drug, justify a description of its 
pharmacology with special reference to therapeutic applications. 

Tridione is a colorless solid with a low melting point (approximately 46° C.). 
It is soluble in water to 5 per cent and forms a neutral solution. In Table I 
are given the structural formulas of three synthetic organie drugs used in the 
treatment of epilepsy, namely, phenobarbital, Dilantin (diphenylhydantoin so- 
dium), and tridione. While each compound is derived from a different cyclic 


structure, a common feature is the group —C—C—N—C—. 
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TABLE I 


0=C-——_—__NH 


Dilantin Phenobarbital 


Tridione 


From the Department of Pharmacology, Abbott Laboratories. 
Received for publication, Aug. 23, 1946. 
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TRIDIONE: 


NEW ANTICONVULSANT 


DRUG 


GENERAL PHARMACOLOGY 


One of the outstanding properties of tridione is its low toxicity, The 
general symptomatology and toxicology is presented in a condensed form in 
Table IT. 

Sleep occurs only with very high doses, approaching lethal levels, unless 
the drug is injected intravenously. With lower doses the animals behave 
either normally or show various degrees of ataxia. If extremely high doses 
are given, death occurs as a result of acute respiratory and circulatory de- 
pression or after one or two days in coma. A comparison of the action in 
different species of animals shows qualitatively similar effects and also a 
rather uniform quantitative sensitivity to the drug. The lethal dose is ap- 
proximately 1.5 to 2.0 Gm. per kilogram by intravenous, intraperitoneal, or 
subeutaneous administration, and there is also relatively little difference in 
the amounts necessary to induce ataxia by various routes of administration. 
An ataxia-producing dose given orally to mice shows its effects in two or three 
minutes; tying of the pylorus delays the action for about twenty-five minutes, 
but the drug is slowly absorbed from the stomach. Only intravenous injection 
produces short sleep at a dose level which was not soporifie by other routes. 
These observations suggest that tridione is readily absorbed. 

Rats fed a diet containing 0.25 per cent tridione showed no effect upon 
their growth rate, while concentrations of 0.5 or 1.0 per cent retarded weight 
gain by 15 and 40 per cent, respectively. These feeding experiments were 
continued for more than nine months. The red blood count of the group fed 
the highest concentration of the drug was found to be at the lower limit of 


TABLE II. Errect or TRIDIONE IN EXPERIMENTAL ANIMALS 

GM./ MICE | RATS RABBITS | cme poGs 
_Ka. Lv. | ORAL 8.C. ay. | | 
0.25 No ef- Slight Slight 

fect ataxia ataxia 
0.30 Slight 

ataxia 
0.35 Seda- Slight 
tion ataxia 
0.40 Ataxia 
0.50 Slight Slight Slight Ataxia Seda- Ataxia 
ataxia ataxia ataxia tion 


0.60 


9.75 Ataxia Ataxia Ataxia Sleep Ataxia 
1.00 Light Marked Light Marked Marked Seda- Sleep 
sleep ataxia sleep ataxia ataxia tion (15 


1.50 Sleep Sleep Sleep Sleep 
(4 to 
6 hr.) 
2.00 Fatal Sleep Sleep LDso Pro- 
and longed 
death sleep 
and 
death 
0 Acute 


death 
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normal, while in the other groups no indication of an effect upon the hema- 
topoietie system was noted. Urinalyses disclosed no abnormalities. Histologic 
sections of organs of animals that died or were killed showed some cloudy 
swelling of the kidney and liver and occasionally some fat in the latter organ. 
None of the findings was indicative of any serious organ damage. 

The effect upon blood pressure and respiration was studied in dogs and 
cats under pentobarbital anesthesia. The rapid intravenous injection of 25 
mg. of tridione per kilogram produced no effect, but 50 mg. per kilogram 
produced transitory depression of the blood pressure (30 to 50 mm. Hg). No 
significant change in respiration was seen. Etherized rabbits tolerated the 
slow intravenous injection of as much as 50 mg. per kilogram without respira- 
tory depression, while 75 mg. per kilogram produced a marked depression of 
blood pressure and respiration. Both functions, however, gradually returned 


to normal. 


Fig. 1.—Intravenous injection of tridione in a dog weighing 16 kilograms. Upper tracings, 
blood pressure; lower tracing, ECG Lead II. Left before and right after a total of 3 Gm. of 
tridione. See text. 


The action on the cardiovascular system in unanesthetized dogs was studied 
by simultaneous recording of the blood pressure and electrocardiograph. Blood 4 
pressure was recorded by means of a Hamilton membrane manometer. In Fig. 1 ; 
are shown tracings of a dog weighing 16 kilograms taken before the adminis- 4 
tration of the drug and after three intravenous injections, each of 1.0 Gm. of 4 
tridione given at intervals of about four minutes. Two minutes after the last a 
dose the systolic blood pressure was transitorily reduced by approximately 4 
15 mm., while the diastolic reading remained unchanged. No significant change i 
in pulse rate, electrocardiogram, or respiration occurred. Observation failed x 
to detect any sedation, and there was but slight ataxia of the hind legs. Other - 


studies on the blood pressure and on the intestine failed to show any specific 
effect of tridione upon the reaction to parasympathetic stimulation by acety!- 
choline. Nor did the drug exhibit any significant antispasmodic action. Effects 
upon temperature regulation and metabolism have not yet been adequately 
studied. 
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The analgesic action of tridione was first reported by Richards and 
Everett,’ and a more detailed account of the findings in experimental animals 
together with clinical data was given by Richards, Everett, and Pickrell.’° 
The question of its practical usefulness in the clinic has not yet been settled. 
Certain side effeets which will be discussed later appear to limit its adminis- 
tration as a routine analgesic to the ambulatory patient. Serutiny of avail- 
able reports and our own experience indicate that further study of the use 
of this drug, particularly in dysmenorrhea and for postoperative pain, is 
worth while, especially in view of the absence of undesirable effects upon blood 
pressure, respiration, and the digestive tract. 


ANTICONVULSANT ACTION 


The anticonvulsive action of tridione in experimental animals has been 
demonstrated against pentamethylenetetrazol (Metrazol) and other convulsant 
drugs.* Recently we have made use of the observation by Walker and eo- 
workers’! that intracortical administration of penicillin produces violent and 
prolonged convulsions. We found tridione effective in suppressing these 
seizures in rabbits and dogs. Goodman and associates’? have reported care- 
fully controlled experiments in which they investigated the effect of tridione 
and other anticonvulsant drugs upon electrically induced convulsions.  Tri- 
dione was found to modify and decrease the response to electric shock and had 


a moderate effect upon the electroshock threshold. It was particularly effec- 
tive against metrazol convulsions. Of special interest is the observation that 
‘spike and dome’’ waves resembling a petit mal electroencephalogram can 
be produced experimentally in rabbits by subeonvulsant intravenous doses of 
. metrazol. Tridione was found to be the most effective drug in inhibiting this 
i ‘ phenomenon; phenobarbital was less active, and dilantin was ineffective. 
! The duration of the anticonvulsant action was studied in rabbits. The 
: ; intravenous injection of 17.5 mg. of metrazol per kilogram produced violent 
Qf # convulsions in each of sixteen animals so treated. If 100 mg. of tridione 
4 per kilogram were injected intravenously, ten minutes prior to the metrazol, 
d i only 30 per cent of the rabbits convulsed. In another series a forty-five minute 
d s interval was allowed between the administration of the tridione and the 
1 metrazol; convulsions occurred in 80 per cent of the animals. With a dose 
" of 200 mg. of tridione per kilogram, only 20 per cent of the animals had con- 
r. vulsions when metrazol was given one hour later. These findings are in fairly 
- good agreement with results in mice reported earlier by us.* It must be kept 
* i) mind that the dose of the convulsant agent was very high. Goodman and 
at associates’? found tridione to be protective against three to five times the 
cd convulsant dose of metrazol, depending on the species of animal. Goodman 
a and Manuel* noted a residual anticonvulsive effect against the standard con- 
Fe vulsive dose of metrazol, forty-eight hours after the intraperitoneal injection 
rn of high doses of tridione. 
tg Information on the rate of urinary excretion of tridione was obtained in ! 
Ly three adult men, each of whom took 2.0 Gm. of the drug in a single dose. 


Urine was collected at two-hour intervals during an eight-hour period. The 
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urine was extracted with ether, and the residue obtained after evaporation 
of the ether fraction was titrated with NaOH. The total amount of the drug 
recovered after eight hours was 47.2, 53.4, and 46.7 mg., respectively. The 
greater part was excreted within two to six hours after ingestion. This find- 
ing shows that only traces of therapeutic doses appear in the urine, and we 
must assume that the major portion of this drug is metabolized. 

The role of the kidneys and liver in the metabolism of tridione was studied 
in nephrectomized animals and also after liver function was damaged by in- 
jection of carbon tetrachloride. If mice subjected to one or the other of these 
procedures were given 500 mg. of tridione per kilogram orally, no prolonged 
protection against the convulsive effect of 125 mg. of metrazol per kilogram 
was noticed in animals with damaged livers and only a slight prolongation 
was noticed in the nephrectomized mice. From a similar experiment in rats, 
it was observed that the hypnotie effect of a sublethal dose was prolonged in 
nephrectomized animals for twenty-four to forty-eight hours. Ataxie dosages 
gave more variable results but also indicated a slower disappearance of the 
drug. These observations indicate that therapeutic doses can apparently be 
destroyed in the body, even in the presence of impairment of the functions 
of the liver and kidney. With large doses of the drug, however, the impor- 
tance of these organs becomes more prominent. Further studies are necessary 
to assay quantitatively the role of liver and kidneys. 

As mentioned previously, the clinical usefulness of tridione in the treat- 
ment of petit mal epilepsy has been established by Richards and Perlstein,’ 
by Lennox,* * and by Perlstein and Andelman,'* and many other investigators 
are in general agreement. DeJong’ found tridione effective in combination 
with other drugs in the treatment of psychomotor attacks. While favorable 
results in this disorder were also observed by Perlstein and Andelman,'* more 
extensive investigation in this condition is clearly indicated. The same ap- 
plies to its application in the management of disturbances of behavior in 
children. The need for further study with respect to the usefulness of tridione 
against grand mal epilepsy has been pointed out. Lennox® indicated that in 
certain patients suffering from grand and petit mal epilepsy tridione tends 
to increase grand mal attacks. Perlstein and Andelman"™ prefer a combina- 
tion with phenobarbital, rather than dilantin, for such patients. Dramatic 
results in the treatment of a few eases of status epilepticus by intravenous 
injection of tridione have been reported by Thorne® and by Erickson and 
Masten.’® The anticonvulsant action in patients with tetanus is reported by 
Perlstein and Andelman."* 

The effect of tridione upon the electroencephalogram in petit mal doe: 
not appear to be an immediate one in all instances. Gibbs*’ has observed tha‘ 
several hours elapsed before an effect upon the electroencephalogram in cer 
tain cases is noted, even after intravenous administration. 


SIDE EFFECTS 


Minor side effects, such as drowsiness, nausea, and slight skin rashes, have 
been reported. Of interest is the attempt to overcome the drowsiness whic! 


| 
| 


1335 


TRIDIONE: NEW ANTICONVULSANT DRUG 


occurs in certain patients with large doses of tridione by the simultaneous 
administration of desoxyephedrine, a central stimulant with an action similar 
to that of amphetamine. [Further experiments in mice have shown that it is 
possible to reduce the sedative effect of tridione with desoxyephedrine with- 
out significantly interfering with the protection against convulsive doses of 
metrazol. 

Serious skin rashes in symptomatology and course, resembling those oe- 
curring after barbiturates and other drugs, have been reported in a few eases. 
One of us (R. K.R.) observed an adult male patient who had taken pheno- 
barbital for a considerable time for the treatment of grand mal attacks. About 
ten days after tridione had been added to control petit mal seizures, the pa- 
tient developed conjunctivitis quickly followed by a maculopapular rash over 
the whole body and by a high fever. The exanthema was particularly pro- 
nounced on the flexor, palmar, and plantar surfaces of the limbs and became 
exfoliative in certain areas. Macerations on the mucous membrane of the lips 
and mouth were present. Treatment consisted of withdrawal of both pheno- 
barbital and tridione and administration of intravenous sodium thiosulfate 
and intramuscular penicillin. The fever abated after about one week, the rash 
faded slowly, and the patient recovered. Fortunately, severe reactions of this 
type are rare. 

Recently two cases of blood dyserasias terminating fatally have been re- 
ported.’* 7° Both presented aplastic anemia and agranulocytosis. In one of 
these patients another new drug with potentially toxic action was adminis- 
tered simultaneously with tridione. In spite of the rare occurrence of such 
reactions, frequent blood counts should be made on all patients receiving 
tridione. 

A peculiar side effect of tridione which we encountered early in the clin- 
ical study of this drug is the occurrence of an increased sensitivity to light. 
The subjective description of this sensation is referred to by some patients 
as ‘‘glare’’ and by others as a more or less marked loss of color vision which 
sometimes makes the objects appear yellow or covered with snow. This phe- 
nomenon is noticed particularly in bright daylight. Adults are more likely 
to experience this condition than children. Various degrees of visual disturb- 
ances occur in up to 75 per cent of adults in some clinical studies. This side 
effect appears usually within the first few weeks of the medication. Wearing 
of dark glasses helps considerably, and in some patients this phenomenon 
becomes less pronounced during continued medication. Withdrawal of the 
drug beeause of this side effect has been found necessary only in 10 to 20 per 
cent of adult patients (almost never in children) and was always followed 
by a return of normal color perception and light sensitivity. Sections of the 
optie nerve and retina of rats fed high doses of tridione for several weeks 
failed to show any organic damage. In accord with this are the negative find- 
ings of ophthalmologists on patients with marked visual symptoms. Similar 
symptoms sometimes occur with other drugs, for example, digitalis (Carroll*°). 
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CONCLUSIONS 


From the experiences of the clinical investigators, it appears that tridione 
will be an effective drug for the majority of patients suffering from petit mal 
epilepsy. Children are most benefited, since they show the greatest percent- 
age of favorable responses with a minimum of side effects. 

In this early stage in the investigation of tridione, it is not possible to 
make statements regarding its site of action. The origin of petit mal seizures 
is still obscure, but it is possible that they arise from subcortical centers. Con- 
sidering the analgesic action of tridione and the role of the thalamus in pain 
sensation, one is induced to speculate regarding an at least partially subcorti- 
eal action of tridione. It appears quite likely that further study of the drug 
may make it a useful tool for research in various neurophysiologie and path- 
ologie problems. 

Tridione is now being investigated clinically in various nervous disorders 
unrelated to epilepsy, but no statements in this respect can be made as yet. 
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ACUTE AND CHRONIC TOXICITY STUDIES ON THEOPHYLLINE 
AMINOISOBUTANOL AND THEOPHYLLINE 
ETHYLENEDIAMINE 


CHARLES R. THOMPSON AND R. WARREN 
CINCINNATI, OHIO 


HKOPHYLLINE derivatives have been used elinically for a number of 

years with favorable results.“ In spite ot this, the literature contains 
relatively few data on acute and chronie toxicity in animals. Luduena® found 
that the repeated administration of doses equivalent to those used clinically 
produced no systemic effects in rabbits. He reported, however, that a single 
dose of theophylline ethylenediamine, approximately thirty times the clinical 
dose on a basis of body weight, produced irritation in the meninges and kid- 
neys of rabbits. 

Since Luduefa has reported this irritant action for one theophylline deriv- 
ative, it is important that possible toxic effects of any new theophylline de- 
rivative be determined before the substance is tried clinieally. 

It is the purpose of this paper to present results of toxicity studies on two 
theophylline derivatives, theophylline aminoisobutanol and theophylline ethyl- 
enediamine which contain approximately 67 per cent and 75 to 82 per cent, 
respectively, of theophylline. Theophylline aminoisobutanol has recently been 
introduced into clinical medicine®* under the trade name of Butaphyllamine, 
and its pharmacologic actions have been summarized by Hansel.? Data on 
theophylline ethylenediamine (Aminophylline) are ineluded for comparative 
purposes and because Luduena’s report makes information on effects of pro- 
longed administration in several species desirable. 

Acute Toxicity.—The acute intravenous and oral toxicities were determined 
for theophylline aminoisobutanol and theophylline ethylenediamine. Intrave- 
nous toxicity determinations were conducted in rabbits. The drugs were in- 
jected into the marginal ear veins as 25 per cent aqueous solutions. Oral 
toxicities were determined in mice. The theophylline derivatives were admin- 
istered, as 5 per cent solutions, directly into the stomach through a rigid tube. 

Animals were observed for a period of one week following both intrave- 
nous and oral administrations, and all deaths occurring within this period were 
included in mortality curves. LD;) values and standard errors were deter- 
mined by the method of Miller and Tainter.’° 

Results of the investigations in rabbits and mice indicate that the two 
compounds have similar acute toxicities. Death following administration of 
either compound was generally preceded by convulsions and usually occurred 
within ninety minutes, although in a few instances it was delayed for sev- 
eral days. 


From the Pharmacology Department, Research Laboratories, The Wm. S. Merrell Com- 
pany. 
Received for publication, Sept. 9, 1946. 
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Intravenously, the LD;) of theophylline aminoisobutanol was found to be 
163 + 5.65 mg. per kilogram and that of theophylline ethylenediamine 150 + 7.65. 
Orally, the LD;o values of theophylline aminoisobutanol and theophylline 
ethylenediamine were 600 + 34.7 and 540 + 12.9 mg. per kilogram, respectively. 

Chronic Toxicity.—The effects of repeated administration of theophylline 
aminoisobutanol and theophylline ethylenediamine were investigated in dogs 
and rats. 

Dogs: Eighteen mongrel dogs were fed a diet of Purina Dog Chow and 
conditioned to the laboratory for a period of two months before starting the 
experiment. They were then divided into six groups of three dogs each. Two 
of the groups served as controls, one for intravenous work and one for oral 
work. One group was administered theophylline aminoisobutanol orally and 
another theophylline aminoisobutanol intravenously. The other two groups 
received theophylline ethylenediamine, one by the oral and one by the intra- 
venous route. Both compounds were administered in doses of 20 mg. per kilo- 
gram per day, six days a week, for twelve weeks. These doses are equivalent 
to 1.2 Gm. per day for a man weighing 60 kilograms, and they are about two 
or three times the usual clinical dose. The drug solutions for parenteral use 
were prepared fresh daily in pyrogen-free sterile normal saline. Oral doses 
were administered in hard gelatin capsules. 

Hematologic evaluations were conducted on experimental and control ani- 
mals at weekly intervals throughout the course of the experiment. The evalu- 
ations included erythrocyte, reticulocyte, leucocyte, and differential cell counts 
and hemoglobin determinations. The hemoglobin determinations were made 
with a Fisher electrohemometer, and hematocrit determinations were con- 
ducted according to the Wintrobe technique" excepting that minimal amounts 
of a 10 per cent solution of potassium oxalate were added as an anticoagulant. 

All dogs were sacrificed at the termination of drug administration. Speci- 
mens from the aorta, heart, lung, liver, kidney, spleen, adrenal, stomach, and 
small intestine were fixed in Bouin’s fluid, and paraffin sections were prepared 
and stained with Delafield’s hematoxylin and eosin. The brain meninges were 
fixed in formaldehyde, and sections were stained by Mallory’s connective tis- 
sue mcthod. 

At the termination of drug administration, seventeen of the eighteen dogs 
were in excellent physical condition. They either gained in body weight, re- 
mained constant, or lost an insignificant amount. One animal developed a 
severe case of mange one week after starting the daily administration of theo- 
phylline aminoisobutanol orally. This dog had lost an equivalent of 20 per 
cent of its pre-experimental body weight by the end of the experiment; but 
considerable weight was lost during the predrug period, and its weight changes 
cannot be attributed to drug administration. It is concluded, therefore, that 
the daily administration of the two theophylline derivatives did not prove 
toxic, as measured by changes in body weight and general condition of the 
experimental animals. 

The two theophylline derivatives did not alter the blood pictures of the 
dogs. Initial and final average values (Table I), which are typical of the 
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weekly values, fall within a normal range, and there is no significant differ- 
ence in data for the experimental and control groups. 

Microscopic examination of tissue sections from sacrificed animals re- 
vealed only minimal pathologic changes and these were not significant. Some 
abnormalities were found in both control and experimental animals, and the 
changes were of a type frequently encountered in laboratory animals. They 
included pneumonia in one dog, thinning of the cytoplasm of liver cells in one, 


CONTROL 
TZ RANGE OF EXPERIMENTAL GROUPS 


= 
a 
= 
oO 
a 
= 
= 
oO 
oO 
oO 


4THEOPHYLLINE AMINOISOBUTANOL 
°oTHEOPHYLLINE ETHYLENEDIAMINE 


DRUG DOSE MG. PER KG. 


WEIGHT IN GRAMS 


e CONTROL 
ZZ RANGE OF EXPERIMENTAL GROUPS 
40 BC 
TIME IN DAYS 


Fig. 1.—Average food consumption, drug dose, and body weight for experimental and contro! 
female rats. 
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nuclear pyknosis in a few scattered parenchymatous liver cells in two, and 
minimal amounts of nuclear pyknosis in cells of the nephronie tubules in two 
animals. 

Rats: Five groups of six male and five groups of six female rats of the 
Wistar strain were employed in evaluating effects of repeated administration 
of the two derivatives to rats. One group of male and one group of female 
animals served as controls. The experimental groups received either theo- 
phylline aminoisobutanol or theophylline ethylenediamine in doses of approxi- 
mately 9 and 34 mg., respectively, per kilogram per day by the drug-diet 
method. 

Drug administration was continued for forty days in the female and sixty 
days in the male animals. One-half of the rats from each group were sacrificed 
at the termination of drug administration, and the remaining animals were 
sacrificed three weeks later. Tissues from all experimental and contro] ani- 
mals were fixed in Bouin’s fluid, and paraffin sections of the aorta, heart, lung, 
liver, kidney, spleen, adrenal, stomach, and small and large intestines were 
prepared. 

Data in Fig. 1 indicate that the two theophylline derivatives did not alter 
food consumption or body weight of female animals. Similar results were 
obtained with male animals; therefore, data for these rats are not presented. 

Neither compound caused blood dyscrasia. Erythrocyte, reticulocyte, total 
and differential leucocyte counts, and hemoglobin concentrations remained in 
the normal range (Table IT), and values for experimental groups did not differ 
significantly from those of controls. 

Microscopie examination of tissue sections revealed no pathologie changes 
which could be attributed to the theophylline derivatives, either in animals 
sacrificed at the termination of drug administration or in animals sacrificed 
three weeks later. The histologic alterations observed were of types commonly 
found in rats, and they occurred as frequently in control as in experimental 
groups. 

SUMMARY 


Theophylline aminoisobutanol and theophylline ethylenediamine were found 
to have similar LD;> values for the oral route in mice and the intravenous route 
in rabbits, and both compounds produced similar signs of acute toxicity. 

The two compounds produced no evidence of toxicity in dogs following 
the daily administration of 20 mg. per kilogram, either intravenously or orally. 
and no toxie effects were observed in rats fed amounts of the drugs up to 
34 mg. per kilogram daily for as long as sixty days. 
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STUDIES ON THE PLASMA CONCENTRATION AND TISSUE 
DISTRIBUTION OF SODIUM PENTOTHAL (SODIUM 
ETHYL (1-METHYLBUTYL) THIOBARBITURATE) 


CapralIN JOSEPH W. JAmLER, MepicaL Corps, AND CAapraIn Leo R. GoLpBauM, 
SANITARY Corps, ARMY OF THE UNITED STATES 


INTRODUCTION 


» RECENT years sodium pentothal* has become important in anesthesia, 
especially in the Armed Forces. However, very little is known about its 
physiologic distribution in the body and its concentration in biologie fluids. 
The greatest difficulty has been the lack of a specifie method for the determi- 
nation of the drug. 

The method commonly employed in the determination of various barbitu- 
rates has been the Koppanyi reaction’ and its modifications.* This is a color- 
imetric method based on the reaction between a barbiturate, cobalt acetate, 
and isopropyl amine. The reaction is admittedly nonspecific and lacks the 
sensitivity and accuracy needed for repeated blood level measurements on the 
same animal. 


Anderson and Essex,** employing the Koppanyi reaction, studied the 
plasma levels of pentothal under various conditions and claimed that the drug 
underwent a cyclic appearance and disappearance in the blood, and there was 
no correlation between the depth of anesthesia and the blood concentration. 
This is an unusual phenomenon, for rarely does a drug act in such a eyelic 


manner. 

The purpose of this study was to determine the behavior of pentothal in 
the blood and tissues after intravenous administration and, if possible, to cor- 
relate the depth of anesthesia with the blood level. For such a study a new 
method of determination was devised which is more specific and more accurate 
than the Koppanyi reaction. 


METHODS AND MATERIALS 


Hellman and associates® and Brodie’ have studied the ultraviolet absorption 
curves of pentothal in both organic and aqueous solvents. This is the basis for 
the present method of determination. 

Procedure.—Plasma (0.5 to 1.0 ¢.c.) and 0.2 M secondary sodium phosphate 
and 0.1 M citric acid buffer of pH 5 (2 @c.) are added to redistilled chloroform 
(7 @e.) in a small separatory funnel and shaken for three minutes. The two 
phases are allowed to separate and the chloroform layer is filtered to remove the 
water droplets. This clear chloroform solution is read in a Beckman quartz 

From the Division of Chemistry and Physics, Army Medical School, Washington, D. C. 

Received for publication, Sept. 19, 1946. 


*Use of the chemical name, sodium ethyl (1-methylbutyl) thiobarbiturate, would be so 
cumbersome that use of the proprietary designation has been permitted throughout this paper. 
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Fig. 1.—Absorption curves of pentothal (A) and sodium pentothal (B) in chloroform and 
po Ha pentane respectively. The ordinate represents optical density (2 -log. G) and the abscissa 
millimicrons. 
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g. 2.—Comparison of adsorption curves of chloroform extract of rabbit plasma to which 
pentothal had been added (solid line) and of a similar extract of plasma from a rabbit given 
sodium pentothal intravenously (broken line). 
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spectrophotometer at 285 millimicrons. If the chloroform layer is extracted 
with 0.2 N NaOH and the latter read at 305 my, the sensitivity is somewhat 
inereased. The order of magnitude of sensitivity is 0.5 wg per cubie centimeter 
of the final solution of chloroform or NaOH. Pentothal was prepared by 
acidifying pentothal sodium and extracting with ether. This was further 
purified by sublimation under reduced pressure. The resultant pure crystals 
were used for standards. 

The absorption curve of pentothal in chloroform and in 0.2 N NaOH is 
presented in Fig. 1, and the maximal absorption at 285 and 305 muy, respec- 
tively, is shown. At these wave lengths there is a linear relationship between 
the concentration and the optical density. Experiments were performed with 
known amounts of pentothal added to plasma, whole blood, and tissue homoge- 
nates, and the recoveries averaged over 90 per cent. In all experiments con- 
trol plasma was used as a blank (which is small), and known amounts of drug 
were added to the control in order to determine the percentage recovery 
(Table I). The specificity of the method is shown in Fig. 2, where the absorp- 
tion curve of pentothal added to control plasma and extracted with chloroform 
is compared with that extracted from the plasma of a rabbit which had re- 
ceived the drug intravenously. It is apparent that the materials extracted are 
identical spectrophotometrically. 

In the pharmacologic experiments, five rabbits were slowly injected intra- 
venously with 50 to 100 mg. of sodium pentothal, and blood samples were 
taken at various intervals by cardiac puncture. In the study of the physio- 
logic disposition of the drug, three rabbits were given 150 mg. and were killed 
by an air embolus twenty minutes later. The tissue was homogenized in phos- 
phate buffer of pH 5 (0.2 M secondary sodium phosphate and 0.1 M eitric 


TABLE I 
PENTOTHAL 
PENTOTHAL ADDED RECOVERED PERCENTAGE 
SUBSTANCE (4G) (KG) RECOVERY 
Plasma (¢.c.) 
1.0 


12.0 95 


1.0 22.0 108 


12.5 
20.0 
1.0 20.0 95 
25.0 
0 


1.0 92 
Whole Blood (c.c.) 
1.0 0. / 99 
20.0 95 
20.0 F 98 

Liver (Gm.) 
60.0 95 
20.0 9, 96 
20.0 J 98 
60.0 K 92 


20.0 92 
1.0 20.0 iy 95 
Muscle (Gm.) 
1.0 20.0 9. 95 
1.0 20.0 92 
Brain (Gm.) 
0.5 20.0 95 
1.0 J 90 
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acid), and the procedure for plasma previously described was followed. Two 
patients at Walter Reed General Hospital, with only 0.3 mg. of atropine sulfate 
as preoperative medication, were given pentothal in the usual manner by inter- 
mittent intravenous injection in the arm. Blood for plasma levels was taken 
from the other arm.* 


MG.% 
5.0 


10 20 30 40 50 60 70 80 90 
MINUTES 


Fig. 3.—Plasma concentration after administration of sodium pentothal intravenously. Rabbits 
1 and 2 received 100 mg.; Rabbit 3, 50 milligrams. 


MG. % 


MINUTES 


Fig. 4.—Plasn a concentrations in 1 human patient during and after administration of 
sodium pentothal. The arrows show the beginning of the intermittent injections of the indicated 
amount of pentothal. Those blood samples taken at 10, 20, 32, 50, 65, and 73 minutes following 
tic first dose of drug were withdrawn just prior to administration of the second, third, and 
fc arth doses, respectively. ‘‘I’’ and ‘‘II’’ refer to the plane of surgical anesthesia; ‘‘1’’ and ‘2’ 
refer to the stage of anesthesia. 


*We wish to express our appreciation to Major Emanuel Papper, Chief of the Department 
of Anesthesia, for doing the clinical aspects of this experiment. 
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RESULTS 


In Fig. 3 is illustrated the course of the plasma level of pentothal after 
intravenous injection of sodium pentothal in rabbits. The plasma level reaches 
a peak and falls off rapidly. There is no evidence of any cyclic rise and fall. 
There seems to be a correlation between the plasma level and the depth of 
anesthesia. As the anesthesia wears off the plasma level falls. In all cases 
the concentration of the drug in the plasma was below 1.5 mg. per 100 cc. 
when the animal was awake. 

Since it is difficult to ascertain the depth of anesthesia in the rabbit, two 
patients undergoing surgery with pentothal as an anesthetic were studied. 
In Fig. 4 the stage of anesthesia with the plasma level is correlated. This is 
merely a preliminary study and more clinical studies are necessary to establish 
a relationship between concentration and action. 

Physiologic Disposition—The amount of pentothal found in the urine of 
both rabbits and patients after the administration of pentothal is negligible. 
Thus, urinary exeretion plays a very minor role in the rapid decline of the 
plasma level. For example, after 1.5 Gm. were given to a patient, only 1.4 mg. 
were recovered in the urine within a period of two hours. 

Whole blood contains approximately the same concentration of pentothal 
as the plasma, so that it appears that there is no storage of the drug in either 
the red or the white cells. 


TaBLE II. TissuE LEVELS TWENTY MINUTES AFTER INTRAVENOUS ADMINISTRATION OF 150 
Me. or Soprtum PENTOTHAL IN RAppitS WEIGHING 3 KILoGRAMS EacuH 
(VALUES IN MILLIGRAMS PER 100 C.c. OR 100 GM.) 


WHOLE 
PLASMA BLOOD KIDNEY BRAIN MUSCLE 


The distribution of the drug, twenty minutes after the intravenous ad- 
ministration of 150 mg. to a rabbit, is illustrated in Table IJ. The drug is not 
stored to any appreciable degree. The kidneys contain more than any other 
organ, in spite of the fact that so little is excreted in the urine. 


DISCUSSION 


Ultraviolet spectrophotometry offers a simple, sensitive, specific, and ac- 
curate method for the estimation of pentothal in biologic fluids. The substance 
extracted from the blood after the administration of the drug is identical 
spectrophotometrically with the crystalline material. Another promising 
method for the determination of pentothal depends on its fluorescence in 
strongly alkaline solutions. However, the emitted light has too short a wave 
length for great sensitivity with the filters at our disposal. 

From the data presented, it appears that after the intravenous adminis- 
tration of pentothal the plasma concentration reaches a peak in a short time 
and falls off rapidly. This decrease is similar to that found with many other 
drugs, for example, sulfonamides and atabrine. There is no evidence of any 
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cyelie behavior of disappearance and appearance of the drug in the blood, as 
has been claimed. There appears to be some correlation between the depth of 
anesthesia and the concentration of drug in the plasma. Further study of 
clinical material is necessary to permit an accurate expression of this rela- 
tionship. 

Sodium pentothal is a short-acting barbiturate. Its short action is accom- 
panied by a rapid fall in its plasma concentration after the cessation of the 
injection of the drug. Negligible amounts are excreted in the urine, and there 
is very little storage of the drug in the organs of the body. For example, by 
caleulation from Table II twenty minutes after the administration of the drug, 
only about 20 per cent of the drug administered can be accounted for in the 
tissues. Therefore, degradation must proceed very rapidly. 


SUMMARY 


1. A spectrophotometric method for the determination of pentothal has 
heen devised which is simple, accurate, sensitive, and specific. 

2. The plasma concentration quickly reaches a maximum level soon after 
intravenous administration and then falls off rapidly. There seems to be a 
correlation between the depth of anesthesia and the plasma level. 

3. Pentothal is degraded rapidly in the body, since very little is excreted 
in the urine and there is but a small amount of storage in the organs. 


We wish to express our appreciation to Dr. S. G. Hershey for suggesting this problem. 
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PYRIBENZAMINE IN HAY FEVER AND OTHER 
ALLERGIC DISORDERS 


ALEX S. FRIEDLAENDER, M.D., AND SIDNEY F'RIEDLAENDER, M.D. 
Detroit, Micu. 


YRIBENZAMINE is one of a new group of synthetic substances which exert 

a palliative action on certain allergic manifestations. Experimentally these 
compounds possess the ability of antagonizing the pharmacologic effects of his- 
tamine, which is thought to play some role in the allergic reaction. In com- 
parison to other related compounds the activity of Pyribenzamine is relatively 
high. Anaphylaxis in laboratory animals is also modified and in some instances 
prevented by the prior administration of this drug. 

Pyribenzamine* was administered to over 200 patients manifesting one or 
more allergic disorders. The drug was supplied by the manufacturer in the 
form of 50 mg. seored tablets for oral administration. The usual dosage in 
adults consisted of 50 to 100 mg. four times daily, after meals and at bedtime. 
In children, 25 to 50 mg. doses were usually employed. Drowsiness, nausea, and 
vertigo were the most frequent side effects and limited the administration of 
the drug in many instances. 


POLLINOSIS 


The effect of pyribenzamine in ninety-eight cases of hay fever was studied. 
Twenty-eight were due to grass pollen and the remainder to ragweed. The 
majority of patients had no desensitization treatment to the specific pollen 
or had received so little that effective results could not be expected from that 
form of therapy. Some had received adequate pollen treatment but still had 
symptoms which required attention. For the most part, patients in this group 
who received no previous desensitization treatment had the severest symptoms. 

The evaluation of any therapeutic measure in hay fever must take into ae- 
count the variation of the daily pollen concentration of the air as well as chang- 
ing atmospheric conditions. These factors frequently account for increase and 
decrease in symptoms which can erroneously be attributed to the treatment being 
administered at those particular times. In addition, patients vary widely in 
their response to similar amounts of pollen exposure. Some will have minimal 
symptoms consisting of sniffling and an occasional sneeze, while others will have 
very marked symptoms such as rhinitis, nasal blocking, episodes of sneezing and 
conjunctivitis, and irritation of the throat, one or all of which may be present 
throughout the twenty-four-hour period. The symptoms of many lie between 
these two extremes. We have classified patients into minimal, mild, and severe, 
according to the severity of symptoms, in order to better evaluate the effect of 
pyribenzamine in hay fever. 


Received for publication, Oct. 21, 1946. 
*The Pyribenzamine was supplied by Ciba Pharmaceutical Products, Inc., Summit, N. J. 
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Where the action of the drug was favorable, its effect usually became ap- 
parent within thirty minutes and lasted several hours. Rhinorrhea and sneez- 
ing were more readily alleviated than nasal blocking. 

In twenty-eight patients with grass pollinosis (Table I), nineteen received 
symptomatic relief, while nine showed no satisfactory change. Six of these pa- 
tients were considered to have had severe symptoms, while twenty-two had mild 
or minimal difficulty. An appreciable amount of benefit was obtained in the 
majority of patients in each group. 


TABLE I. GRASS Hay FEVER 


“MINIMAL MILD SEVERE 

SYMPTOMS SYMPTOMS SYMPTOMS TOTAL 
Improved 8 Ff 4 19 
Not improved ] 6 2 9 


TABLE II. RAGWEED HAy FEVER 


MINIMAL MILD SEVERE 

SYMPTOMS SYMPTOMS SYMPTOMS TOTAL 
Improved on high and low pollen days 18 7 ] 26 
Improved on low pollen days only 2 7 1 20 
Not improved 5 10 9 24 
Total 25 24 21 70 


Seventy cases of ragweed hay fever received pyribenzamine (Table IT). 
Attention to pollen counts and comparison with control patients were used in 
evaluating these results. In many cases symptoms were not completely relieved 
by the drug; however, where an appreciable improvement was noted, the patient 
was considered benefited. Twenty-one cases were classified as severe hay fever, 
twenty-four as mild, and twenty-five as minimal. Since it was found that in 
the same patient the drug frequently helped on some days, and failed to do so on 
others, its efficiency was further analyzed according to the atmospheric pollen 
concentration of that date. Of twenty-one patients with severe hay fever, eleven 
obtained satisfactory symptomatie relief during periods of low pollen concentra- 
tion. Only one of the total group, however, obtained discernible benefit when 
the pollen count was high. In twenty-four patients with mild hay fever, seven 
were benefited during periods of both high and low pollen counts, while seven 
others obtained relief on low pollen days only. Eighteen of twenty-five patients 
with minimal symptoms obtained excellent results during periods of both high 
and low pollen concentrations. Two other patients in this group noted ap- 
preciable benefit only when the pollen count was low. Seven patients with 
seasonal asthma associated with severe hay fever were encountered during the 
ragweed season. Pyribenzamine was helpful in relieving asthma in one instance. 


OTHER ALLERGIC CONDITIONS (TABLE III) 


Nonseasonal Asthma and Allergic Rhinitis—Thirty patients with non- 
scasonal asthma received pyribenzamine. Two of these received symptomatic 
relief whenever the drug was administered. The remainder of the patients did 
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TABLE ITI. 


OTHER ALLERGIC CONDITIONS 


CONDITION TOTAL CASES HELPED NOT HELPE) 


Vasomotor rhinitis 108 69 39 
Asthma, nonseasonal 30 2 28 
Urticaria and angioneurotic edema 

Acute 9 8 i 

Chronic 15 1] 4 
Eezema 

Atopic 6 5 il 

Contact 6 2 4 
Pruritis, generalized 8 6 2 
Dermatitis, unclassified 4 ] 3 
Headache allergic 12 0 12 
Conjunctivitis, vernal 4 0 4 
Blepharitis, allergic 2 1 1 
Gastrointestinal allergy 2 1 ] 


| 
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not experience relief of asthma, although in many cases where allergic rhinitis 
was also present, a beneficial effect on the nasal symptoms was evident. Of 108 
patients with allergic rhinitis, with and without asthma, symptoms were allevi- 
ated to some extent by the drug in sixty-nine. The degree of relief in each pa- 
tient was extremely variable, and just as in seasonal hay fever the symptoms of 
rhinorrhea and sneezing were more amenable to control than nasal stuffiness. 
Pyribenzamine appears to be more effective than oral doses of ephedrine in con- 
trolling allergic nasal symptoms. In the presence of complicating nasal infec- 
tion, evidenced by a purulent nasal secretion, the efficacy of pyribenzamine seems 
diminished. In asthma. ephedrine is still the drug of choice in most eases. 
Allergic Skin Disorders.—Pyribenzamine was found very effective in con- 
trolling certain cases of urticaria and angioneurotic edema. Eleven patients 
with chronic urticaria were completely relieved during its administration, while 
four others failed to attain any appreciable benefit. It was found extremely 
helpful in controlling symptoms when allergie studies were being carried out 
in these patients to determine the specific etiologic agent. Eight of nine pa- 
tients with acute urticaria obtained striking relief of symptoms following the 
first or second dose of pyribenzamine. The drug was found to exert a rather 
marked antipruritic action. This property together with the sedative effect 
frequently accompanying its use were of considerable value in controlling the 
itching incident to such allergic skin disorders as atopic dermatitis. Pruritis 
associated with other conditions was also frequently relieved by the drug. 
Miscellaneous Allergies—Twelve patients with headache in whom allergy 
was considered to play a major role were not helped by pyribenzamine. No 
benefit was apparent in four cases of vernal conjunctivitis. One of two eases of 
blepharitis was improved by its use. A patient with gastrointestinal allergy 
claimed relief of abdominal cramps a short time after a dose of 50 mg. was taken. 
Another similar case was unaffected by maximum doses. 


TOXICITY 


Pharmacologic studies in laboratory animals indicate that the toxicity o! 
pyribenzamine is relatively low.’ Side effects attending its clinical use in this 
study oceurred in 27.2 per cent of the patients. Very often the same patien' 
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PYRIBENZAMINE IN HAY FEVER AND OTHER 


TABLE IV. SIDE EFFECTS 


SYMPTOM NUMBER OF PATIENTS 


Gastrointestinal symptoms 19 
Drowsiness 18 
Vertigo 16 
Fatigue 9 
Insomnia 6 
Nervousness 4 
Dryness of mucous membranes 4 
Increased nasal congestion 3 
Palpitation 2 
Headache 4 


Numbness of oral mucous membranes 
Numbness of hands and feet 

Feeling of tightness in chest 
Extrasystole 

Disorientation 

Dysuria 
Urticaria 


experienced more than one undesirable symptom from the drug. The types of 
symptoms and the frequency with which they occurred are listed in the ac- 
companying chart (Table IV). While gastrointestinal upsets, drowsiness, and 
vertigo were the most common symptoms, totally different effects such as in- 
somnia, palpitation, and nervousness were occasionally encountered. Three 
patients experienced increased nasal stuffiness following the use of the drug. 
Another complained of asthma following each dose, and one patient, who was 
taking pyribenzamine for symptomatic relief in vasomotor rhinitis with good 
results, developed urticaria which was found definitely related to the ingestion 
of the drug. No evidence of chronic toxicity was observed in any of the patients 
treated. 


DISCUSSION 


The favorable effect of pyribenzamine in many eases of allergy is in sup- 
port of the theory that histamine is a factor in these conditions. If histamine 
is considered to play the principal role in allergic reactions, the ability of 
pyribenzamine to more readily control certain types of allergy than others must 
he explained. Factors other than histamine may of course be held accountable. 
On the other hand, a quantitative difference in histamine release could be respon- 
sible for this variability in action. The observations made in cases of hay fever 
suggest such a possibility. Although approximately 66 per cent of these cases 
obtained some benefit from the drug, a closer analysis reveals that its effectiveness 
was most apparent in sufferers with less than severe symptoms, and almost half of 
these patients obtained relief only during days of low pollen concentration. It 
is possible that in severe types of hay fever, and in many cases of asthma, the 
histamine release is excessive and not adequately antagonized by usual doses of 
pyribenzamine. Larger doses might produce the desired effect in these instances. 
In the present study, however, the average patient tolerated doses of more than 
100 mg. rather poorly. 

The action of pyribenzamine is palliative and of relatively brief duration. 
There is as yet no proof of lasting benefit or permanent cure from its use. It 
therefore does not eliminate the need for a thorough allergic investigation of 
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the individual case and for therapy based on immunologic principles where in- 
dicated. It is a valuable adjunct to the specific treatment of hay fever, perennial 
allergic rhinitis, and urticaria. 


SUMMARY 

1. Pyribenzamine, a drug with specific antihistamine action, was used in 
various types of allergic disorders. It afforded symptomatic relief in many 
eases of seasonal hay fever, perennial allergic rhinitis, and urticaria. Its action 
in asthma was negligible in most instances. 

2. Side effects occurred in 27.2 per cent of those patients treated. Drowsi- 
ness, gastrointestinal upsets, and vertigo were the most frequent complaints. 

3. The action of the drug is only palliative and does not cure the allergic 
condition. It is a valuable symptomatic drug and is recommmended as a helpful 
adjunct to the specifie treatment of allergic disorders. 
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LABORATORY METHODS 


STUDIES ON STREPTOMYCIN* 
MicrorECHNIQUES FOR ASSAY 


JoserH ForGacs, Pu.D., J. Kucera 
FREDERICK, Mp. 


Wirth THE TECHNICAL ASSISTANCE OF W, L. PANNIER, HAIc, L. CHANEY 


— methods of assaying streptomycin and streptothricin described 
in the literature are, for the most part, modifications of penicillin assay 
techniques. Using a sensitive strain of Bacillus subtilis as a test organism for 
streptothricin determinations, I‘oster and Woodruf'? employed a modified 
eylinder-plate method as described by Abraham and associates* for penicillin 
determinations. Similarly, Denkelwater, Cook, and Tishler* employed the cup 
method for assay to determine the degree of inactivation of streptomycin and 
streptothricin by cysteine. The turbidimetrie method, the serial dilution pro- 
cedure with Escherichia coli as the test organism, and the eylinder-plate tech- 
nique using B,. subtilis cells or spores were suggested by Waksman, Bugie, and 
Schatz.° Stebbins and Robinson® proposed a modified agar cup-plate method 
for assaying streptomycin in body fluids, using a special strain of Staphylo- 
coccus aureus as a test organism. For estimating the concentration of strep- 
tomyein in body fluids, Heilman’ employed a technique similar to F'leming’s* ° 
slide-eell method; Bacillus megatherium was used as the test organism instead 
of Streptococcus pyogenes. Fleming found it necessary to heat blood for thirty 
minutes at 50° C. to kill leucocytes when assaying whole blood. Donovick and 
co-workers’? recommended a broth dilution method, using a sensitive strain of 
Klebsiella pneumoniae as a test organism. It was found that fluids to be as- 
sayed had to be sterile and had to be diluted to contain from 1.0 to 3.0 units 
of streptomycin per cubie centimeter. Price, Nielsen, and Welch" suggested 
a turbidimetric¢ serial dilution method, using Bacillus circulans as the test or- 
vanism, which they found sensitive to 0.15 microgram of streptomycin base 
per eubie centimeter of fluid. A method for the quantitative determination 
of streptomycin in aqueous solutions and in various organic solutions by the 
filter paper disk technique using B. subtilis as a test organism was described 
by Loo and associates.'? By rigid standardization, Levy Schwed, and Sackett*® 
obtained a polarographic method for assaying solutions of partly purified 
streptomycin containing 200 units per eubie centimeter or more of the drug. 
‘sing a gram-negative rod for a test organism and a modification of the assay 
method of Stebbins and Robinson,® Smith’* detected as little as 0.1 per cent 


Received for publication, Sept. 5, 1946. 

*Unless otherwise designated, streptomycin as referred to in this paper is streptomycin 
hydrochloride. One unit of streptomycin as used in this publication is that amount of material 
which will inhibit the growth of a standard strain of Escherichia coli in 1 ¢c.c. of nutrient broth 

other suitable medium. 
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ot streptothricin present as a contaminant in streptomycin. While the organ- 
ism was inhibited by 1,000 or more units of streptomycin, it was inhibited by 
only 7.5 units of streptothricin. 

In a recent publication, Forgaes, Kornegay, and Ilenley'’ described a pad 
method of streptomycin assay to be used primarily for oxalated whole blood 
and other body fluids. Although the method proved to be accurate to 0.5 unit 
of the drug per cubie centimeter of body fluid, it required 20 ¢.c. for a com- 
plete standard curve and 1 ¢.ec. for a blood level determination when assaying 
in quintuplet. This made it difficult to follow drug level determinations in 
infants or in individual small laboratory animals. 

Two methods, described in this publication and designated as the micro- 
method and microfilm method, circumvent this difficulty. Using the miero- 
method, 1.5 ¢.. of blood are required for a complete standard eurve (0.5 
through 40 units) and 0.06 ¢.c. for a drug level determination in quintuplet. 
For a low unitage standard curve (0.5 through 15 units), only 1 ¢.e. is required. 
When using the microfilm method of assay, 1 ¢.c. of body fluid is required for 
a standard curve (0.1 through 1.0 unit) and the same amount for a drug level 
determination as required by the micromethod. 


EXPERIMENTAL METHODS 


Preparation of Spore Suspension.— 
Strain: A variant strain of B. subtilis Cohn emend. Prasmowski, designated 
in this laboratory as the I strain, was chosen as the standard assay organism 
for reasons stated in a previous publication.*° The techniques described there- 
in were used for preparing spores. Since difficulty was experienced by various 
workers in sporulating this organism when using the medium previously rec- 
ommended, a further study of the medium is in progress and results will be 
reported at a later date. Spores used in this investigation, however, were 
prepared on the medium previously recommended. 


Assay Technique for Micromethod.— 

Preparation of Seeded Plates: For assaying, 200 ¢.c. of Difco E-2 Strepto- 
thricin Assay Agar were melted, cooled, and maintained at 50° C. in a water 
bath. Prior to assay, the agar was seeded with B. subtilis spores (approxi- 
mately 400,000 spores per cubic centimeter of agar) and maintained at 50° ©. 
until all air bubbles emerged to the surface. Twenty cubic centimeter por- 
tions of inoculated agar were transferred to large flat-bottomed Petri plates 
(150 by 20 mm.), using a 30 @e. glass syringe equipped with an automatic 
syringe filler to facilitate rapid pouring. (For 100 by 10 mm. Petri plates, 
10 c.c. of seeded agar were poured per plate.) Seeded plates were allowed to 
cool and harden for ten minutes at room temperature. They were then drie« 
uncovered at 50° C. for ten minutes to remove condensed moisture and allowed 
to return to room temperature for ten minutes with covers partly open. 

It was found essential that plating be performed on a level table to obtain 
a uniform depth of agar and that air bubbles disappear from the agar before 
it hardened. All timing was carefully checked. 
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Plates prepared for assay could be stored at 2° C. for future use; however, 
there was a loss of accuracy proportional to length of storage time. Such 
plates were again dried at 50°C. and allowed to attain room temperature 
before use. 

Addition of Assay Material: Each plate selected for assay was superimposed 
over an area marked on a level table so that assay drops could be placed in 
the same relative position on each consee’ plate. adjustment 
of the plunger in a 0.25 ¢.e. tubereulin syrin. to the 0.05 ¢.e. graduation mark, 
0.06 e.c. of fluid to be assayed was drawn up into the syringe. The air space 
between the plunger and assay material established complete visibility of the 
plunger tip relative to the 0.01 ¢.¢. graduations on the barrel of the syringe 
and also facilitated complete removal of assay material from the syringe. <A 
27 gauge, 14 inch needle was placed firmly on the shank of the syringe with 
the needle’s beveled opening down and opposite the graduations on the barre] 
of the syringe. Precisely 0.01 ¢.¢. of fluid was slowly ejected from the syringe 
to form a hanging drop on the end of the needle. This drop was touched 
to the surface of the seeded agar and thus deposited in the appropriate posi- 
tion on the plate. (When the drop was first ejected from the syringe, the 
instrument had to be held in a horizontal position in order to facilitate adhe- 
sion of the drop to the needle.) . This procedure was carried out in quintuplet 
for all samples assayed, one drop on each of five plates. Using this procedure, 
samples of assay material sufficient to assay in quintuplet could be completed 
in from ten to fifteen minutes. One individual can successfully complete the 
operation. 

Incubation and Reading of Assay Plates: Assay plates were incubated over- 
night (approximately seventeen hours) at a temperature ranging from 28 to 
30° C., removed from the incubator, and the diameter of the zone of inhibition 
of growth measured. If desired, results of the assay could be read in eight 
hours after the material had been added to the plates.* Readings were re- 
corded to the nearest 0.1 millimeter. Values used were within plus or minus 
1.0 mm. of one another. For instance, if five readings for any hypothetic 
value were 21.0, 21.6, 20.9, 21.4, and 22.7, the last value (22.7) was discarded. 
The average diameter of the zone of inhibition for each level of the standard 
was plotted on graph paper against units per cubic centimeter for the respec- 
tive dilutions of the standard to constitute a standard curve (see Figs, 1 
and 2). The diameter of the inhibition zone for any unknown assay sample 
was compared with the standard curve to give results in units of streptomycin 
per eubie centimeter of fluid. 

Any plate-counting apparatus could be used for reading inhibition zones, 
provided it was equipped with a transparent, graduated film ruled in 1 mm. 
areas. The diameter could also be read with a millimeter rule. It was found 
convenient to use a glass plate covered with a positive exposed negative of 


*Preliminary results indicated that by incubating the seeded plates for three to_ six 
hours at the temperature given, prior to the addition of the assay material, assays could be 
read in five and two hours, respectively; however, there was a decrease in accuracy directly 
Proportional to time of initial incubation. 
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FIGUREI. MICRO STANDARD CURVE 


OF STREPTOMYCIN IN 
HUMAN BLOOD 
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Fig. 1. 


FIGURE 2. MICRO STANDARD CURVE 
OF STREPTOMYGIN IN 
HUMAN URINE 


STREPTOMYCIN U/ML. OF URI 


8 
= 
z 
= 
uJ 
ke 
oO 
N 
oO 
uJ 
= 
< 
Qa 


Fig. 2. 


1 mm. graph paper on lithographic film.* The diameter of the inhibition zone 
was superimposed over the plate against a background of light, and the zone 
thus was read. 


*One millimeter graph paper was photographed onto a contrast photographic plate. 
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Preparation of Standard Curves: Prior to treatment, a 1.5 ¢.c. sample of 
body fluid was obtained from the patient for preparing a complete (0 through 
40 units) streptomycin standard curve. (Only 1 ¢.c. need be drawn for a low 
unitage standard curve, 0.5 through 15 units.) To 0.09 ¢.¢. aliquots of selected 
fluid, varying concentrations of streptomycin were added and assayed as pre- 
viously deseribed. (It is imperative that chemically clean 0.1 ¢.c. serologic 
pipettes be used for making dilutions and that glassware be thoroughly cleaned 
each time after use.) The diameter of the resulting zone of inhibition was 
plotted on graph paper against the corresponding unitage (see Figs. 1 and 2). 
lor example, in following the blood level of streptomycin in a patient, a sample 
of blood was taken before administration of the drug for constructing a stand- 
ard eurve on blood of that particular person. Blood was collected in lithium 
oxalate (0.06 ¢.e. of a 3.3 per cent lithium oxalate solution per 1 ¢.c. of blood) 
and mixed. Then 0.09 ¢.c. of blood was accurately pipetted into each test tube 
(14 ineh in diameter and 1 inch in height). To each of these, 0.01 ¢.¢. of the 
respective streptomycin solutions of known variable unitage was added. In 
pipetting blood and standard solutions, the outer surface of the pipette was 
wiped to remove excess fluid after it was filled and before delivery to the test 
tube. Blood was allowed to flow slowly from the pipette into the test tube 
from the 0.01 @.e. mark to its maximum gravitational level: the remainder 
was gently blown out and the tip of the pipette touched to the side wall of 
the test tube. Blood without added streptomycin was assayed to determine 
possible inhibition of B. subtilis by the blood itself. Water standards of 
streptomycin were prepared so that when 0.01 ¢.c. was added to 0.09 ¢.c. of 
hlood or other fluid, concentrations of 0.5, 1.0, 2.0, 3.0, 5.0, 7.0, 10.0, and 15.0 
units of streptomycin per cubie centimeter resulted for the low unitage curve, 
and thereafter up through 40 units per cubie centimeter in steps of 5 units for 
the high unitage eurve. (Higher unitages can be approximated.) 

Streptomycin standard dilutions of 0.5, 1, 2, 3, 5, 7, 10, and 15 units 
were placed on one series of five plates and those of 20, 25, 30, 35, and 40 
units on another series when using large Petri plates (150 by 20 mm.). When 
using small Petri plates (100 by 10 mm.) standards from 0 through 10 units 
were placed on one plate series and standard dilutions from 15 through 30 
units on another series of five plates. A third series was used for determining 
35 and 40 unit standard dilutions. It is recommended that a complete stand- 
ard eurve be made on each individual prior to initiation of drug therapy. 


Manipulation of Body Fluids for Drug-Level Determination.— 

Blood: The following technique is recommended to be used in drawing 
ood for a drug-level determination. Lithium oxalate solution is drawn up 
into a 0.25 ee. tuberculin syringe to the 0.15 ¢.c. mark; the syringe is then 
inverted (needle end up), and air and remainder of oxalate are extruded, with 
ihe exception of that remaining in the shank of the syringe. The residual 
oxalate solution forms an airtight seal between the plunger and cylinder wall. 
The plunger is drawn up to the 0.05 ¢.c. mark. This air space serves as a marker 
hetween the blood and plunger, since it leaves the tip of the plunger clearly 
visible, and also makes it possible to remove all of the blood when assaying. 
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The finger or other extremity is punctured and 0.06 ¢.c. of blood immediately 
drawn into the syringe. In drawing blood it is necessary that no air be incor- 
porated into the blood column. This may necessitate squeezing the finger 
several times until 0.06 ¢.c. of blood is obtained with no break in the blood 
column in the syringe. Blood is drawn up into the syringe to the point where 
the barrel and shank join, being careful that no air is incorporated into the 
blood now in the syringe. With the shank of the syringe pointing downward, 
the contents are agitated by gently tapping the side of the eylinder wall 
with the back of the finger. If the procedure is carefully operated, no air is 
incorporated into the blood and the oxalate adhering to the syringe wall is 
adequately mixed with the blood. A 27 gauge, 14 inch needle is tightly placed 
onto the shank of the syringe with the beveled edge of the needle opposite 
the graduation marks on the cylinder wall. With the syringe in a horizontal 
position, the plunger is pushed forward until blood begins to extrude from 
the needle, and the tip of the plunger is calibrated on a 0.01 ¢.c. mark. The 
tip of the needle is then wiped to remove the trace of blood. Then 0.01 ce. 
of blood is extruded from the syringe and the tip of the drop touched to the 
surface of the agar, thus depositing a drop of blood. It has been found that 
blood thus drawn can be stored in a refrigerator overnight and assayed the 
following day. This is convenient for determining drug levels over a period 
of twenty-four hours or longer, in order that blood may be collected at appro- 
priate intervals and assayed at a later time. 


TABLE I. VARIATIONS IN INDIVIDUAL BLOOD MICROSTANDARD CURVES 


R OF ZONE OF IN 


STREPTOMYCIN | DIAMETER OF ZONE OF INHIBITION (MM.) 
ADDED (UNITS | DOG HUMAN BEING 
PER C.C. ) DOG A | DOG B | poG Cc | PATIENT 1 | PATIENT 2 PATIENT 3 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.5 6.9 ae 8.7 6.4 5.5 0.0 
1.0 9.0 “Fy 12.4 8.0 14 6.2 
2.0 13.1 15.1 12.1 10.3 8.0 
3.0 15.0 13.3 16.8 14.8 13:3 10.4 
5.0 17.4 16.1 18.9 17.2 15.4 13.6 
7.0 18.8 173 19.4 19.5 16.6 14.6 
10.0 19.6 18.1 20.9 20.5 18.5 17.0 
15.0 20.9 19.9 22.4 21.5 20.0 18.1 


| 


Data for blood standard curves from 0.5 through 15 units in three dogs 
and three human beings are presented in Table I to illustrate the assay method 
and to demonstrate the necessity for individual standard curves. <A typica! 
micromethod blood standard curve in human beings is shown in Fig. 1. In 
Fig. 3 are illustrated inhibition zones on a typical plate when assaying blood 
by the micromethod. 

Urine: Streptomycin levels in urine were determined using, for the most 
part, the same technique as for blood. However, when assaying urine of high 
unitage (above 40 units), the specimen was diluted with normal urine to the 
recommended range of 0.5 to 40 units per cubie centimeter for greater ac- 
curacy. In preparing a standard curve, 0.1 ¢.c. of a sample of streptomycil 
of known unitage was added to 0.9 e.c. of urine for each respective standar« 
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to minimize errors in pipetting. In addition, it was not necessary to maintain 
a 0.05 ¢.e. air pocket between the plunger and urine in the syringe when assay- 
ing clear specimens. Any convenient amount of urine can be drawn up into 
the syringe as long as the specimen is assayed in quintuplet. The semilog- 
arithm standard curve on the urine of the patient as presented in Fig, 2 was 
used to estimate better the very high drug levels. 

Assay Technique for Microfilm Method—This method, developed by the 
co-author (J.L.K.), was designated as the microfilm method beeause it re- 
quires only a film of seeded agar and is very sensitive for detecting streptomycin 
in quantities as low as 0.1 unit per cubie centimeter of body fluid. 


Fig. 3.—Illustrating the type of inhibition zone produced by streptomycin, using the micro- 
method of assay. 


Preparation of Seeded Plates: Diteo E-2 Streptothricin Assay Agar was 
melted, cooled, and maintained at 50° C. in a water bath. It was then seeded 
with B. subtilis spores (approximately 800,000 spores per cubie centimeter of 
agar), mixed, and maintained in the water bath until the air bubbles emerged 
‘rom the medium. Approximately 20 ¢.c. of inoculated agar were added to 
large sterile Petri plates (150 by 20 mm.). Plates containing the agar were 
then immediately tipped, and the agar was allowed to pour from the plates 
into a container for five seconds. The plates were then covered, placed on a 
‘lat table, and allowed to harden for ten minutes. This procedure resulted in 
the formation of a film of agar on the bottom of the plates. The plates were 
then ready for assaying purposes. Flat-bottomed plates were not necessary 
when using this technique. 
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When using small plates (100 by 10 mm.) the same procedure was fol- 
lowed, with the exception that 10 e.c. of seeded agar were added per plate and 
allowed to flow into a container for the given time (five seconds). 

Addition of Assay Material and Incubation and Reading of Assay Plates: 
The same techniques were used as described for the micromethod. 

Preparation of Standard Curves: One cubic centimeter samples of various 
body fluids have been used for preparing standard curves. The following 
unitages were used: 0.1, 0.2, 0.3, 0.5, 0.7, 1.0. Although unitages of 2.0, 3.0, 
and 5.0 could be determined, it was more convenient to assay fluids of such 
potency by the micromethod. A sample of normal body fluid was assayed to 
detect possible B. subtilis inhibiting factors by the body fluid itself. Tech- 
niques and precautions in making standards were the same as for the micro- 
method; however, the previously designated unitages (0.0 through 1.0 unit) 
were placed on one plate using either the large (150 by 20 mm.) or small 
(100 by 10 mm.) Petri plates. 


FIGURE 4. MICRO-FILM STANDARD CURVE OF 
STREPTOMYGIN IN HUMAN BLOOD. 
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Fig. 4. 


In Fig. 4 is illustrated a typical standard curve obtained when using the 
microfilm method of assaying streptomycin. 

Application of Assay Techniques.—Application of these methods for de- 
termining streptomycin blood levels in man and in various laboratory animals 
will be discussed in a succeeding report. The methods are particularly usefu! 
where only small amounts of blood can be obtained, such as in mice, guine: 
pigs, hamsters, and especially in infants where venous puncture is difficult. 
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In addition, time and material are saved since no pads or cups are required 
for these methods of assay. 

The microfilm assay method was found useful for detecting traces of strep- 
tomycin in blood and tissue extracts from animals used for streptomycin ex- 
cretion studies. 

These methods have also been applied successfully to the assay of other 
antibioties. 


SUMMARY 


Two methods, the micro and microfilm techniques for the quantitative de- 
termination of streptomycin and other antibioties in body fluids are described 
in detail. Using these methods, 1.5 and 1.0 ¢.¢., respectively, of body fluid are 
necessary for a standard curve and 0.06 ¢.c. for a level determination in 
quintuplet. Venous puncture is necessary only for obtaining blood for a 
standard curve. <A drop of blood obtained from a finger or other convenient 
extremity is used for blood level determinations. 


The authors wish to acknowledge their gratitude to Miss Luey A. Collins, for sug- 
gesting development of a micromethod of streptemycin assay, and to Captain Lewis L. 
Coriell and Dr. Keith H. Lewis, for their suggestions and careful guidance. 
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AN IMPROVED PROCEDURE FOR THE DIAGNOSTIC CULTURE OF 
MAMMALIAN TUBERCLE BACILLI 


H. J. Correr, M.D., ann R. E, SToNer, 8.B. 
DENVER, COLO. 


ITHIN the past few decades marked strides have been made in the per- 

fection of the diagnostic culture procedure for disclosing the presence of 
small numbers of mammalian tuberele bacilli. In this short span elinieal pa- 
thologists and bacteriologists have begun to acknowledge that the culture could 
efficiently displace the guinea pig or other animal tests! for the disclosure of 
the presence of small numbers of mammalian tubercle bacilli in tuberculous 
materials from human or animal sources. In spite of the fact that the diagnostic 
culture procedure is more economical and is superior to the animal test in regard 
to disclosing the presence of small numbers of moderately or low virulent mam- 
malian tubercle bacilli, even though its superiority is not especially greater 
for the disclosure of highly virulent human or bovine tubercle bacilli, there are 
still features of the cultural test which in all probability can be improved mate- 
rially at present. 

The diagnostic culture tests consist of several essential features, the success 
of the performance of which are significant both in its simplicity and perfection. 
The first of these features and the part to be particularly elucidated in this study 
is the preliminary treatment of the specimen to destroy contaminating and 
undesired microorganisms; while the second equally important feature is the 
choice of a good nutrient capable of supporting particularly the growth from 
small plants of mammalian tubercle bacilli.* * 

Historically, the earliest attempts to destroy the contaminating micro- 
organisms made use of such rapidly acting reagents as sodium hypochlorite 
(Labarraque’s solution) with which Griffith experimented in 1914.4 He found 
that successful uncontaminated cultures of tubercle bacilli would result if 
plants were made at short minute intervals and the proper time were hit when 
the reagent would not destroy the tubercle bacilli, but the contaminants were 
satisfactorily eliminated from the specimen. Shortly thereafter, Petroff® used 
3 per cent sodium hydroxide for thirty minutes for the same purpose and with 
fair suecess. Later, 3 per cent hydrochloric and 6 per cent sulfurie acid 
were tried® also with success for short period exposure up to an hour or so. 
In each case, however, the reagent was prepared from liquid materials of un- 
certain composition or from solids, such as sodium hydroxide, not entirely 
easy to handle or weigh and subject to change by absorption of carbon dioxide 
from the air or capable of etching the glass containers in which they were 
stored. The need for a crystalline solid of high purity and stable composition 
was attained with the introduction of 5 per cent oxalic acid in 1930.7 This 

From the Research Department, National Jewish Hospital. 


This study was aided by the Jacques Labarrere Fund for Tuberculosis Research. 
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reagent was easily prepared and kept well, ready for use. It was found fairly 
satisfactory in that it could be used in equal volume of 5 per cent solution to 
destroy contaminants by exposure up to two hours at ineubator temperature, 
giving a greater time latitude, and in many respects it proved superior to 
sodium hydroxide. The problem of the nutrient for growing small plants 
of tubercle bacilli resolved itself around two questions: the choice of a good 
nutrient and essentially the choice of a simply prepared nutrient. 

In Dorset’s whole egg medium and its modifications,® all the prerequisites 
for a good nutrient were present, but the possibilities of supporting the growth 
of small plants remained undisclosed because of lack of adequate test methods 
in those days. Petroff’s gentian violet egg medium contained sufficient re- 
tardant dye not only to retard the contaminants but also to retard small 
plants of tubercle bacilli; and Corper’s potato cylinder medium,’ though a 
suitable nutrient, was too easily prepared improperly by the technician to 
become generally popular. Thus, also a number of the more complicated 
multiple mixture mediums, like Petragnani’s, Loewenstein’s, Evanoff and 
Sweany’s, Sasano and Medlar’s, and other mediums, proved not entirely sat- 
isfying because of complications in preparation. Among the simply prepared 
mediums, the glycerol egg yolk medium’? when properly prepared appeared 
to offer simplicity, ease of preparation, and a good nutrient to recommend it ; 
however, it is still open to improvement of certain features such as overcoming 
the seasonal variation of eggs or the use of improperly stored fresh eggs with 
the consequent detrimental effect of spoilage products on the growth of the 
bacilli. All in all, however, the egg yolk medium properly prepared and from 
fresh eggs proved the simplest and most efficient of nutrient mediums thus 
far recommended for the growth from small plants of mammalian tubercle 
bacilli. The matter of coloring the medium for contrast discernment of early 
colonies was left to the individual choice of the technician, since the retardant 
effect on contaminants was found to be unimportant and the color was merely 
added as an inert stain for contrast. As a matter of fact, experienced tech- 
nicians preferred to use the egg yolk without color and were able to note early 
colonies just as easily. However, for those desiring a color background, the 
color became a matter of individual choice covering a wide range from red 
through green, blue, and even black. The only drawback to dark colors was 
that a deeply colored egg medium coated the inside of the tube at the obser- 
vation zone many times and thus defeated the very purpose for which it was 
added. It was for this reason probably that many technicians chose malachite 
green or congo red, dyes without intense colors. When analyzed, however, the 
color matter is not of great significance in the method or efficiency of the nu- 
trient so long as it possesses no retarding action on the growth of small plant- 
ings of mammalian tuberele bacilli. 

Destroying contaminants or preventing their multiplication during storage 
of the specimen before adding the reagent for destroying them, however, is 
of most importance to the ultimate success of the cultural procedure, since it 
becomes more difficult to clean out contaminations the more heavily the speci- 
men is seeded with them. 
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With the hope of finding a less active or potent crystalline material ob- 
tainable in pure form, which might allow more time for preparation of the 
specimen and which might even be added to the specimen immediately on 
collection, a number of chemicals were given consideration for the purpose 
of replacing the commonly used sodium hydroxide (3 per cent) and oxalic 
acid (5 per cent) reagents. After consideration of a large number of chem- 
icals in the past, a chemically pure trisodium phosphate used in crude form 
in laboratories for glassware cleaning purposes was given serious considera- 
tion. In preliminary tests it was found that a 10 per cent concentration 
(equivalent to 23 per cent of the chemically pure hydrated salt Na,;,PO,.12 H.O) 
added to equal volumes of fine suspensions of mammalian tubercle bacilli 
proved not only innocuous to the bacilli but was more protective than sus- 
pension of the bacilli in 0.9 per cent saline solution for long periods of time. 
The effects of 3 per cent sodium hydroxide, 5 per cent oxalic acid, and 10 per 
cent trisodium phosphate on suspensions of tuberele bacilli compared with 
saline suspensions for intervals up to two weeks of contact are recorded in 
Table I. 


Taste I. Errect or 3 Per Cent Soprum Hyproxipe, 5 Per Cenr OXALic ACID, AND 10 PER 
CeNT TRISODIUM PFOSPHATE ON GROWTH OF TUBERCLE BACILLI 


REAGENT 
iain 3% SODIUM 10% TRISODIUM 
Retail SALINE HYDROXIDE 5% OXALIC ACID PHOSPHATE 
sosmseer AMOUNT OF TUBERCLE BACILLI IN MILLIGRAMS PER CUBIC CENTIMETER* TREATED 
ar37°c. | 1.0 | 10-3 | 10-6 | 1.0 | 10-3 | 10-6 | 1.0 | 10-3 | 10-6 | 1.0 | 10-3 | 10-6 
0 2 2 2 51} 2 4 2 2 
2 hr. 2 2 3 2 3 0 2 3 61 4 2 3 
4hr. 2 2 3 2 3 0 2 3 0 2 4 3 
8 hr. 2 2 3 2 4 61 > 4 0 2 2 3 
1 day 2 2 ! 2 3 0 53 0 0 2 2 3 
2 days 2 2 3 2 3 0 0 0 0 2 2 3 
4 days 2 2 52 2 4 0 0 0 0 2 2 4 
1 wk. 2 42 0 4 42 0 0 0 0 A 3 4 
2 wk. 2 0 0 4 0 0 0 0 0 2 4 6 


Note: At one week, 10 per cent trisodium phosphate prevents death of bacilli which nor- 
mally takes place in saline suspensions. 


*To 1.0, 0.001, and 0.000,001 mg. per cubic centimeter of tubercle bacilli in fine suspension 
was added an equal volume of the reagent. After the incubation period indicated, the NaOH 
and NasPO,; solutions were neutralized with 5 per cent HCl, and the oxalic acid was neutralized 
_ . per cent NaOH before planting. The plantings are necessarily one-half of those in- 
dicated. 


+The time of contact for killing contaminants in sputum and other specimens with 3 per 
cent NaOH and 5 per cent oxalic acid is thirty minutes to one hour at 37° Centigrade. 


tThe numeral indicates the number of weeks after which growth first appeared; the 
— indicates the number of tubes positive when all three tubes planted did not reveal 
growth. 


It is noted from the data recorded in Table I that the addition of the 
10 per cent trisodium phosphate in equal volume to suspensions of tubercle 
bacilli is less detrimental over a period of two weeks at 37° C. than control 
saline suspension. Equal volumes of both 3 per cent sodium hydroxide and 
5 per cent oxalie acid show detrimental effects which become evident after 
two hours of contact at 37° C.; this effect is more pronounced for oxalic acid 
after one day than for sodium hydroxide, although the latter is equally harm- 
ful to small numbers of bacilli after as early as two hours’ exposure. 
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To note further the effect of an equal volume of the 10 per cent trisodium 
phosphate at room temperature (20 to 25°C.) as compared with incubator 

temperature (37° C.) on tubercle bacilli and the contaminants in positive 

sputums, six of these sputums were tested following contact with the reagent 

at intervals up to one week’s time. The results of these findings are recorded 

briefly in Table IT. 

The data recorded in Table II indicate that the trisodium phosphate in 
equal volumes of a 10 per cent solution (28 per cent of the hydrated salt 
Na,PO,.12 H.O) destroys the contaminants in these positive sputums on ex- 
posure for one or two days at room temperature and within about one day 
at incubator temperature (87° C.); whereas, even one week’s exposure at 
incubator temperature (37° C.) was not particularly detrimental to the via- 
bility of the tuberele bacilli, although the longer interval of one week’s con- 
tact retards their growth. 

In order to note further the advantages or disadvantages of neutralizing 
or washing the treated suspensions, the experiment recorded in Table IIT on 
positive sputums was performed. 

From the results recorded in Table III it is to be noted that either neu- 
tralization or washing out the phosphate produces more satisfactory results 
when compared with the planting in the phosphate as such. When the phos- 
phate is neutralized or washed out, neither the room temperature nor the 
incubator temperature appear to be especially detrimental, although the ineu- 
bator temperature is slightly more so. However, it is significant that the 
bacilli in sputum ean be kept in the phosphate mixture for up to one week 
without preventing subsequent recovery of the tubercle bacilli planted on a 
good nutrient medium such as the glycerol egg yolk medium. 

The superiority of the one-day treatment at 37° C. with an equal volume 
of 10 per cent trisodium phosphate compared with the standard one-hour treat- 
ment ‘at 37° C. with an equal volume of 5 per cent oxalie acid is illustrated 
from the examination of eighteen microscopically negative smear and guinea 
pig test negative specimens of sputum from custodial cases. These disclosed 
three positive findings for one highly virulent and two moderately virulent 
strains of human tubercle bacilli as presented with the data reeorded in 
Table IV. 

Human feces are difficult to prepare satisfactorily for cultural purposes, 
and Table V presents a comparison of oxalie acid (5 per cent) and sodium hy- 
droxide (3 per cent), with different time exposures from one day to one week 
at 37° C., to the trisodium phosphate (10 per cent). 

It is noted from the data recorded in Table V that while both oxalie acid 
and trisodium phosphate are more efficient in clearing up the contaminants 
in feces than is the sodium hydroxide, the trisodium phosphate proved superior 
to both the oxalie acid and sodium hydroxide in that a one-week exposure at 
37° C. sueceeded in a number of cases in removing the contaminants from the 
human feces. However, no satisfactory method has been found for recovering 

tuberele bacilli from feces, and this phase will be reported on fully in a sub- 


sequent detailed paper. 
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TABLE LV. ISOLATION OF MAMMALIAN TUBERCLE BACILLI FROM MICROSCOPIC SMEAR AND 
GUINEA Pig NEGATIVE SPUTUMS 


“RESULTS OF CULTURE TEST __ 
5% OXALIC ACID | 10% TRISODIUM 


TREATMENT PHOSPHATE 
(1 HOUR TREATMENT (1 VIRULENCE TEST WITH BACILLI 
PATIENT At 37° c.) DAY AT 37° C.) ISOLATED12 

W. E. 0 0 

0 0 

0 0 

moe 0 + Moderately virulent 
G. R. 0 0 

0 0 

C. O. 0 + Highly virulent 
0 0 

0 0 

i. 0 0 

K. E. 0 es Moderately virulent 
0 0 

0 0 

S. E. 0 0 

B. A. 0 0 

R. O. 0 0 

I. 0 0 


ercular Home of Denver, for these sputums which were obtained from old custodial cases. 


TABLE V. Errect OF DIFFERENT PREPARATION REAGENTS ON CONTAMINANT MICROORGANISMS 
IN HUMAN FECES OBTAINED FROM PATIENTS WITH POSITIVE SPUTUMS 


REAGENTS USED TO DESTROY MICROORGANISMS 


| 29von.5% | 2vOL.3% | 25 VOL. 10% | 2.5 VOL. 10% | 2.5 VOL. 10% 

OXALIC SODIUM TRISODIUM | TRISODIUM TRISODIUM 

ACID | HYDROXIDE | PHOSPHATE | PHOSPHATE PHOSPHATE 

| 01 VOL. TO 1 VOL. | 01 VOL. | 01 VOL. | TO1 VOL. 

| FECES FOR FECES FOR FECES FOR FECES FOR | FECES FOR 

| 14% HR. | 1 DAY | 3DAYS | 1 WK. 

FECES NUMBER | |. AT 37° c. 

9646 4* 4 3 2 0 
9391 ] 4 + 4 2 
9590 2 4 4 t 0 
9537 1 4 4 4 1 
9507 4 4 4 4 2 
9529 4 4 4 J 


*The number of contaminated tubes of 4 planted with neutralized treated feces. 


VI. Errecr or Sopium HyproxipE, OXALIC ACID, AND TRISODIUM PHOSPHATE 
TREATMENT Upon ANp AcibD-FAST SAPROPHYTE 


TEMPERATURE OF 


| | TIME OF 
| CONTACT CULTURE TEST 
| av 37°C. FOR VIABILITY 
MICROORGANISM REAGENT | (HR.) ROOM | 37°C. 
3% sodium hydroxide 1 +* Ot 
2 0 0 
Penicillium notatum 5% Oxalie acid 4 + + 
10% Trisodium phosphate 1 + 0 
24 0 0 
Actinomyces griseus 3% NaOH 2 + + 
5% Oxalie acid 1 0 0 
10% Trisodium phosphate 24 + 


Acid-fast saprophyte 
(Day) 10% Trisodium phosphate 13 0 


*Growth of the test mold or acid-fast saprophyte. 
+Absence of growth. 


Note: We are indebted to Dr, Fritz Rosenberg, Medical Director of the Ex-Patients’ Tu- : 
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In order to note the effect of sodium hydroxide, oxalie acid, and trisodium 
phosphate on Penicillium notatum and Actinomyces griseus, as well as on an 
acid-fast saprophyte, the experiment recorded in Table VI was performed. 

The findings recorded in Table VI indicate that the trisodium phosphate 
(10 per cent) is capable of destroying P. notatum within one hour at 37° C. 
and twenty-four hours at room temperature, and sodium hydroxide (3 per 
cent) does this within one hour at 37° C. and two hours at room temperature ; 
however, oxalic acid (5 per cent) applied for four hours at 37° C. is unable 
to destroy this organism. With A. griseus just the reverse is true in that 
oxalie acid (5 per cent) is capable of destroying this organism in one hour 
at room temperature. Sodium hydroxide (3 per cent) for two hours at 37° C. 
and trisodium phosphate (10 per cent) for one day at 57° C. are inactive. 
Acid-fast saprophyte (Day) is destroyed by one and one-half hours’ con- 
tact with 10 per cent trisodium phosphate. These findings suggest that it may 
be necessary at times to use both alkali (trisodium phosphate) and acid (oxalic 
acid) treatment to destroy certain mold contaminants, if we can draw con- 
clusions from the tests with P. notatum and A. griseus. 


SUMMARY AND CONCLUSIONS 


1. A new reagent, trisodium phosphate, has been tested to determine its 
value in comparison with the standard reagents, including oxalie acid and 
sodium hydroxide, for destroying contaminants in tuberculous materials in 
preparation for the cultural diagnoses of tuberculosis and for isolating mam- 
malian tubercle bacilli. 

2. Trisodium phosphate is a reagent which is a pure crystalline chemical 
material of standard composition. In 10 per cent solution (23 per cent of the 
Na;PO,.12 H.O), it can remain in contact with tubercle bacilli for up to a 
week at room temperature without destroying small numbers of tubercle 
bacilli, but it destroys the undesirable contaminants in sputum within twenty- 
four hours at 37° C. or within several days to a week at room temperature. 

3. Trisodium phosphate as a reagent for destroying contaminations found 
in tubereulous materials can also be placed in the receptacles used for col- 
lecting the tuberculous specimen and thus immediately prevents the develop- 
ment of molds and undesired contaminants. This procedure assures better 
materials for culturing mammalian tubercle bacilli and therefore the loss of 
valuable specimens. 

4, The time required for destroying contaminants by the trisodium phos- 
phate is one day at 37° Centigrade. This also adds to the convenience with 
which the technician can prepare his specimens for culture, since there is no 
necessity for haste in the preparations such as is required with the previously 
used reagents sodium hydro- le and oxalie acid. 
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MODIFICATION OF THE FAUST METHOD IN THE DETECTION 
OF CYSTS AND OVA 


Bans J. Baroopy 
TIMMONSVILLE, 


HE Faust method for the concentration and flotation of cysts and ova has 

proved valuable as a diagnostic aid in certain infections of the gastrointes- 
tinal tract, particularly amebiasis... During the summer and fall of 1945, ever- 
increasing troops with amebiasis were arriving from the Pacifie Theatre of 
Operations. The diagnosis on some of these cases was confirmed immediately by 
the direct smear method alone due to the great number of Endamocba histolytica 
cysts present. Nevertheless, some clinically diagnosed cases continued to exist 
in which negative results were consistently obtained both by the direct smear 
and the Faust zine sulfate flotation methods. Experience had taught us that 
the latter is the better method in the search for cysts, so we began to suspect 
that our negative results occurred because cysts were inconsistently present in 
the stools or because the clinical diagnosis was incorrect. As recommended by 
Faust and others,’ patients were purged with a saline cathartic and subsequent 
stools were examined.? Both vegetative and eyst forms were recovered in some 
of the cases, the latter forms being found mostly by the zine sulfate method. In 
spite of the purgation, only a few cysts were found. The remaining negatives 
were examined daily for a week and remained negative even after purgation. 
Thinking that in the routine method of Faust the stool sample might be too 
small, we decided to modify the method by combining it with my method for 
detecting schistosoma which had given excellent results in over 25,000 examina- 
tions of 800 patients with schistosomiasis japonica. The modified method is as 
follows. 

THE MODIFICATION 


1. Place about 10 Gm. of feces in a 125 ¢.c. Erlenmeyer flask containing 
about 75 ¢.c. of warm water (about 40° C.); stopper the flask and shake until 
emulsified. 

2. Strain through 1 layer of wet gauze into a 50 ¢.c. centrifuge tube (teated 
bottom). 


3. Centrifuge for one minute at 2,500 r.p.m. and pour off supernatant fluid. 
Add warm water to the sediment from a regulated faucet (force of the water 
will disperse the fecal particles and cleanse them) and centrifuge again at the 
same time and speed. Decant supernatant fluid; repeat one more washing and 
centrifugation; again decant supernatant fluid. 
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4. Add about 10 ¢.c. of warm water and agitate sediment by shaking; then 
pour quickly all of contents into a 15 ¢@.ec. centrifuge tube. Centrifuge for one 
minute at 2,500 r.p.m. and decant supernatant fluid. 

5. Add about 10 ¢.c. of zine sulfate solution (33 per cent, specific gravity 
1.186) to the sediment and stir with applicator sticks. Add zine sulfate nearly 
to top of tube. Centrifuge for one minute at 2,500 r.p.m. Ova and eysts will 
float to the surface. 

6. Take several loopfuls (bacteriologie loop) from surface and place on 
slide; add 1 drop of D’Antoni’s or Lugol’s iodine and cover with a cover slip. 
Examine for ova of helminths and cysts of protozoa under low-power objective 
of microscope. 

DISCUSSION OF METHOD 


This method varies from the original method (Faust’s) as follows: 


1. A much larger sample of feces is utilized, thereby increasing possibility 
of detection in lightly infested cases or when cysts and ova are rare in the stool. 
Cysts and ova quite often are not evenly distributed and a large sample is de- 
sirable. Cysts, particularly, may exist in ‘‘packets’’ and can be missed from 
a remote small section. If only one cyst or ovum is present on a slide (this quite 
often occurs), the average technician may experience great difficulty in find- 
ing it. 

2. The use of warm water (about 40° C.) certainly has advantages over the 
use of regular or so-called cold water. If cold water is used, washing of the 
sediment ean be accomplished and most of the bile coloring matter is removed ; 
yet, this type of washing is not complete because a loose scum remains with the 
sediment and has a tendency to float when the zine sulfate is added, thereby 
impairing the clear field which should exist for the microscopic examination. 
The so-called fatty type of stool offers practically the same difficulty, and the 
use of cold water is not of too much value. On the other hand, the use of warm 
water eliminates a high pereentage of the scum or fats. After the water is added 
the seum rises to the surface within one minute, remains floating after the 
centrifugation, and eventually is discarded with the supernatant fluid. Each 
additional washing brings up less scum until it is practically all discarded. When 
the zine sulfate now is added, the surface of the liquid is fairly clean and makes 
a good field for microscopic examination. Some workers have suggested the 
use of cold physiologic saline for the washing, but this is also inferior to plain 
warm water. 

3. The initial use of the large 50 ¢.c. tube instead of the smaller test tube 
is first of all important because it is necessary to receive a large sample from 
the original 10 Gm. of stool. Our purpose would be defeated if 10 Gm. of stool 
were originally emulsified and only 5 to 10 ¢.c. of the emulsified fluid examined. 
With the teated bottom of the 50 ¢.c. tube there is less tendency for cysts or ova 
to be lost in the decanting process. With the larger tube the proportion of 
sediment to the size of the tube decreases the number of washings and centrifuga- 
tions in arriving at a clear supernatant fluid; three or four washings usually 
give this desired result and a clean zine sulfate preparation. 
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CONCLUSIONS 


A modification of the Faust method is described, which increases the yield 
of cysts and ova as well as Strongyloides larvae. It is of particular value when 
cysts, ova, and larvae are rare in the fecal specimens. 
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A RAPID PYRIDINE SILVER STAIN FOR NERVOUS TISSUE 
AND RETICULAR FIBERS 


LIEUTENANT COMMANDER SAMUEL P. Hicks 
MepicaL Corps, UNITED STaTES Navy 


HE explosive nature of ammoniacal silver solutions’? and the technical diffi- 

culties attendant upon their use for staining nervous tissue elements and 
reticular fibers have led to the development of a simple and rapid silver stain 
for these purposes. Pyridine is employed instead of ammonium hydroxide in 
the preparation of the silver stain, rendering the solution easy to prepare and 
obviating the danger of explosions. For routine purposes the method is useful 
for demonstrating axons and dendrites of neurons, Alzheimer’s neurofibrillary 
change, fibrillary astrocytes, and reticular fibers. 


I. To Demonstrate Axons, Dendrites, and Alzheimer’s Neurofibrillary 
Change.— 

1. Collect formalin-fixed frozen sections about 25 » each in distilled water 
containing a trace of ammonium hydroxide. 

2. Transfer sections to silver pyridine solution for about six to ten min- 
utes. Solution is prepared by mixing the following together until clear: 


Silver nitrate, 1 per cent 2 ee. 
Potassium carbonate (anhydrous), 1 per cent 15° ee. 
Pyridine (pure) 0.16 


3. Transfer sections directly to excess 10 per cent formalin neutralized 
with ealeium earbonate for about one minute. 

4. Float sections onto slides, dehydrate through alcohols and xylols in 
usual manner, and mount in balsam. Axons, dendrites, Alzheimer’s pathologic 
neurofibrils, and nuclei stain black against yellow background. 

II. To Demonstrate Fibrillary Astrocytes——The method is exactly the same 
as for nerve cell fibers, except that fixation is carried out in formalin bromide 
(2 Gm. of ammonium bromide in 100 ¢.c. of 10 per cent formalin). Processes of 
fibrillary astrocytes stain black, while axons and dendrites are usually poorly 
stained. 


III. To Demonstrate Reticular Fibers.— 

1. Hydrate routine formalin-fixed paraffin sections in usual manner. 

2. Transfer slides to potassium permanganate 14 per cent solution for five 
minutes. Rinse in tap or distilled water. 

3. Transfer to oxalic acid 5 per cent solution for five minutes. Rinse well 
in distilled water. 


The views expressed in this paper are those of the author and should not be construed 
as necessarily reflecting the views of the Navy Department, ‘ 
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4. Transfer to silver pyridine solution, prepared by mixing the following 
together successively until clear, and stain for seven minutes: 
Silver nitrate, 1 per cent 20 e@e. 
Potassium carbonate (anhydrous), 1 per cent 15 @.e. 
Pyridine (pure) 1.6 


Fig. 1.—Alzheimer’s neurofibrillary change in cerebral cortex. Pyridine silver stain (section 
25 w), seven minutes X200. 


Fig. 2.—Fibrillary astrocytes. Focal level on central astrocyte (section 254) X400. Pyridine 
silver stain, nine minutes. 


5. Transfer directly to excess of 10 per cent formalin (neutralized with 
calcium carbonate) for about one minute. 

6. Dehydrate in alcohols and xylols in usual manner and mount in balsa. 

Reticular fibers stain black. Nuclei are not stained black by silver. 

The silver pyridine solution is prepared fresh just before staining and may 
be used for one to three hours. Merck’s and Eastman Kodak’s chemically pure 
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pyridine have been found satisfactory. Toning with gold chloride and the ap- 
plication of counterstains may be employed in the manner described in texts 
on staining methods. For routine purposes this is not usually necessary. 
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THE QUANTITATIVE KAHN TEST: RESULTS WITIL 2.5 PER CENT 
AND 0.9 PER CENT SALT SOLUTION COMPARED WITH 
THE DEGREE OF REACTIONS OF THE 
STANDARD KAHN TEST 


CooreR BrouGHer, B.S., M, Cameron, Pu.D., Rurus 
BucHANAN, B.S., AND Kent Roark, B.A. 
NASHVILLE, TENN. 


INCE 1940 the routine laboratory tests for syphilis in the Division of Lah 
oratories of the Tennessee Department of Public Health have been the pre- 
sumptive and standard Kahn tests for blood specimens and the Kolmer com- 
plement fixation test for spinal fluid. All tests are performed in exact accord 
with outlines of methods by author serologists.':* Antigen for the Kolmer com- 
plement fixation test is purchased from commercial sources. Antigen for the 
Kahn standard test is purchased from the University Hospital, Ann Arbor, 
Michigan. Both tests have been included in annual national evaluation studies. 
With the advent of rapid treatment centers in the state, the need became 
acute for quantitative tests to determine the serologic status of patients with 
syphilis before and after treatment. At first these quantitative tests were sent 
to Dr. Reuben L. Kahn at Ann Arbor. Later the Central Laboratory of the 
Division of Laboratories was able to start making quantitative Kahn tests fol- 
lowing the method given by Kahn* in Supplement 11, Venereal Disease Informa- 
tion. For a while duplicate specimens were sent by the treatment centers to 
Kahn’s Laboratory and to the Central Laboratory. Titers on these duplicate 
specimens were quite different, with Kahn’s Laboratory obtaining consistently 
higher titers than the Central Laboratory. Investigation revealed that Kahn's 
Laboratory was using 2.5 per cent salt solution in dilutions and in the per- 
formance of the test, while the Central Laboratory was using 0.9 per cent salt 
solution. The Central Laboratory changed to 2.5 per cent salt solution, using 
a 6:1 serum antigen ratio, and no further significant differences were noted in 
the titers obtained in the two jaboratories. The Central Laboratory took over 
the examination of rapid treaiment center specimens for quantitative tests in 
1944, as a special procedure. 

The numbers of specimens handled as special procedures for the treatment 
centers have increased steadily, and at present the Central Laboratory is making 
over 4,000 such quantitative tests each month. This increasing load, in addition 
to increases in routine serologic work in a serologic section of limited space and 
personnel, has been of considerable concern. To cut down to some extent on 
the work involved, thought was given to the elimination of the standard Kahn 
test as a preliminary to the quantitative Kahn test. The standard test seemed 
a very poor screen for the quantitative test on specimens from previously diag- 
nosed patients with syphilis when the work involved in the standard test was 
considered in relation to the numbers of such specimens eliminated from ‘he 
quantitative test. As all specimens for the quantitative Kahn test were from 

From the Division of Laboratories, Tennessee Department of Public Health. 
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previously diagnosed untreated patients, or from previously diagnosed treated 
patients, it was decided that the standard Kahn test could be safely eliminated 
as a preliminary to the quantitative Kahn test if the first tube of the quanti- 
tative test contained undiluted serum with the usual dilutions of serum in the 
remaining tubes. When this was tried in practice, it was found that certain 
sera gave negative or doubtful reactions in the undiluted state but gave posi- 
tive reactions in one or more of the dilutions. The standard Kahn test applied 
to these sera gave negative or doubtful reactions. 

We have considered the standard Kahn test as quantitative in its differen- 
tiation of negative and weakly positive sera with the quantitative Kahn test 
in direct correlation and of value in determining the potency of strongly positive 
sera undifferentiated by the standard test. This conception is apparently in 
error when 2.5 per cent salt solution is used in the quantitative test, as it is not 
reasonable to consider the number of specimens we encountered that gave titers 
as due to prozones. 

The fact that titers were obtained on negative or doubtful standard Kahn 
tests was disturbing, as patients are returned to rapid treatment centers one 
year after initial treatment if they show 10 or more Kahn reacting units (2 plus 
reaction in 1:2.5 dilution or higher). Before retreatment at medical centers, 
the serologic record of the individual is reviewed: if the serologic titer has 
leveled off at 10 units or more retreatment is given; if the record shows a con- 
sistent, continued falling titer the patient is re-evaluated at monthly intervals 
for two months; if further drops occur the patient is not retreated and is fol- 
lowed for additional periods. 

The plan of eliminating the standard Kahn test as a preliminary to the 
quantitative Kahn test was abandoned as was the use of 2.5 per cent salt solu- 
tion in the quantitative Kahn test. The quantitative Kahn test employing 
2.5 per cent salt solution (6:1 serum antigen ratio) was applied experimentally 
to specimens received for routine diagnostie test. The specimens titrated were 
unselected other than that those chosen were specimens with sufficient serum 
giving normal types of reaction in the following groups: (1) negative standard 
Kahn; (2) doubtful standard Kahn; (38) 2 plus standard Kahn; (4) 3 plus 
standard Kahn; and (5) 4 plus standard Kahn. No specimens giving atypical 
or reverse reactions were included, as such abnormal reactions are usually given 
by highly potent sera which are likely to yield prozone reactions. Results ob- 
tained with the quantitative Kahn test, employing 2.5 per cent salt solution 
on these five groups of specimens, are given in Table I. 

For comparative purposes the quantitative Kahn test employing 0.9 per 
cent salt solution (6:1 serum antigen ratio) was made on approximately the 
sume numbers of routine specimens giving normal types of 3 plus and 4 plus 
reactions. No specimens giving atypical or reverse reactions were included. 
Results obtained with the quantitative Kahn test employing 0.9 per cent saline 
on these two groups of specimens are given in Table II. 


DISCUSSION 


It is understood that the quantitative Kahn test is intended only for use 
with sera giving strongly positive reactions with the standard Kahn test. How- 
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ever, it is felt that this restriction has been imposed because it was considered 
that sera giving negative or weakly positive reactions with the standard Kahn 
test would invariably give negative results with the quantitative Kahn test 
and not because it was thought that confusion would result from the titration 


of such specimens. 

When the quantitative Kahn test employing 2.5 per cent saline (Table I) 
was applied to sera giving negative standard Kahn reactions, 19 per cent of 
these specimens gave a titer of 10 or more Kahn reacting units. Titers of 10 
or more Kahn reacting units were obtained with 76 per cent of specimens giving 
doubtful standard Kahn reactions. Titers of 10 or more Kahn units were ob- 
tained with 89 per cent of 2 plus specimens, 93 per cent of 3 plus specimens, 
and over 99 per cent of 4 plus specimens. 

When the quantitative Kahn test employing 0.9 per cent saline (Table IT) 
was applied to approximately the same numbers of 3 plus and 4 plus specimens, 
it was found that less than 2 per cent of 3 plus specimens and only 71 per cent 
of 4 plus specimens gave titers of 10 or more Kahn units. 

It seems logical to expect that a certain number of specimens giving a 4 
plus reaction are only potent enough to produce this 4 plus reaction. The value 
of the quantitative test is in the differentiating or grading of these 4 plus or 
strongly positive specimens into those that are 4 plus, 40 plus, or 400 plus. 


CONCLUSIONS 


The results of this study indicate that the quantitative Kahn test employ- 
ing 2.5 per cent salt solution is on a different sensitivity level than the standard 
Kahn test. There appears to be little correlation between the degree of reaction 
obtained with the standard Kahn test and the titer obtained with the quanti- 
tative Kahn test employing 2.5 per cent salt solution. The standard Kahn test 
and the quantitative Kahn test employing 0.9 per cent salt solution (6:1 serum 
antigen ratio) seem to be on the same sensitivity level. There appears to be a 
direct relation between the reaction obtained with the standard Kahn test and 
the titer obtained with the quantitative Kahn test employing 0.9 per cent salt 
solution. From our observations it seems that the exaggeration of the potency 
of syphilitie serum through the use of an overly sensitive quantitative test 
is of doubtful value and ean be justified with difficulty where patients are re- 
treated on the basis of an arbitrary low titer after one year. 


SUMMARY 


Titers obtained in quantitative Kahn tests employing 2.5 per cent and 0.9 
per cent salt solution are each compared with results obtained in the standard 
Kahn test on sera giving normal typical reactions. Tables are presented show- 


ing differences. 
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A NOTE ON QUANTITATIVE KAIIN TESTS EMPLOYING 0.9 AND 2.5 
PER CENT SALT SOLUTION SYSTEMS 


RevuBen L. Kaun, Sc.D. 
ANN Arpor, MICH. 


NQUIRIES are occasionally received in this laboratory regarding the technique 

of the quantitative Kahn test.* This test is not performed identically by 
different workers. Some employ serial dilutions of serum with 0.9 per cent 
NaCl solution and others employ serial dilutions of serum with 2.5 per cent 
NaCl solution. The quantitative test with 2.5 per cent salt solution is generally 
more sensitive than that with 0.9 per cent salt solution to the extent of approxi- 
mately one or two additional serum dilutions. Thus, a serum that gives an 
end point in a 1:20 dilution with 0.9 per cent salt solution may give an end 
point in 1:30 or 1:40 dilution with 2.5 per cent salt solution. 

In the reading of the results of the quantitative test with 2.5 per cent 
salt solution, emphasis has been given to the fact that the negative reactions 
tend to show clouding and precipitation on standing. This occurs even when 
they stand for relatively short periods, such as five to ten minutes. For this 
reason the results should be read without delay after the addition of the 0.5 
¢.c. amounts of 2.5 per cent salt solution, following the three-minute shaking 
period. Apparently it is this concentration of salt solution which causes the 
clouding and precipitation on standing. Shaking by hand for a few seconds 
disperses such precipitates and renders the tests clear again. Those workers 
who have not paid strict attention to this shaking of the tubes just before 
reading soon found themselves reading particles due to standing of the tests 
in the presence of the 2.5 per cent salt solution. 

Some years ago we recommended the quantitative technique with the 2.5 
per cent salt solution, because studies in this laboratory indicated that the salt 
concentration favors syphilitic reactions and renders them more sensitive than 
0.9 per cent salt solution. The increased sensitivity seemed desirable because 
the quantitative test was then used largely in known eases of syphilis in the 
follow-up of therapy. 

There are, however, points in favor of the use of quantitative Kahn tests 
with 0.9 per cent salt solution. During recent years quantitative tests have 
been used as an aid in diagnosis; hence, the high sensitivity of the 2.5 per cen: 
system may also introduce an element of nonspecificity in certain eases. The 
tests with the 0.9 per cent system do not show a tendency toward clouding on 
standing and, therefore, do not require agitation immediately before reading. 
Furthermore, quantitative results with the 0.9 per cent system show closer 
correlation with the results of the standard Kahn test than quantitative resul's 

From the Serology Laboratory, University Hospital, University of Michigan. 
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with the 2.5 per cent system. Thus, in order to avoid confusion between the 
1 to 4 plus terminology of the standard Kahn test and the unit terminology 
of the quantitative test, we arbitrarily correlated the two terminologies as fol- 
lows: One plus, 2 plus, and 8 plus in the standard test were arbitrarily con- 
sidered as 1 unit, 2 units, and 3 units in the quantitative test. Sera giving 1, 2, 
or 3 plus reactions with the standard Kahn test generally give negative reac- 
tions on serial dilution of serum. Occasionally it will be found that a serum 
giving a 2 plus reaction, and particularly a 3 plus reaction in the standard 
test, will give a titer of 10 or 20 or higher in the quantitative test. The results 
are then reported to physicians with the explanation of this exceptional behavior 
of the serum. However, when performing quantitative tests with the 2.5 per 
cent NaCl system with weakly positive sera, greater numbers will be found to 
give quantitative titers. Hence, 1, 2, or 3 plus reactions with the standard 
test cannot, strictly speaking, be considered as equivalent to 1, 2, or 3 units 
in the quantitative test. 

In this laboratory quantitative tests with both the 0.9 per cent and 2.5 
per cent NaCl systems are employed in most cases. This scheme is obviously 
not feasible for general application. As to the choice between the two quan- 
titative techniques, we believe that in view of the fact that quantitative Kahns 
are no longer used almost exclusively as serologic checks on therapy in syphilis, 
but are used increasingly as an aid in the establishment of a diagnosis, the 
0.9 per eent NaCl system should be preferred. 
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A SIMPLE AND SAFE METHOD FOR THE GASTRIC INSTILLATION 
OF FLUIDS IN THE RAT 


Harry SHay, M.D., anp Marcor GRUENSTEIN 
PHILADELPHIA, PA, 


HE rat has been used as an experimental animal in the field of nutrition 

for many years. More recently it has gained an important place for the 
study of problems in digestion. Both of these fields of application have made 
it most desirable that a rapid and safe method for introducing measured 
amounts of fluid into the stomach be devised. 

As early as 1908 Marks’ employed a silk-rubber catheter for the stomach 
tube feeding of mice. His method required two operators. In 1943 Ferrill’ 
described the use of a metal cannula made from an injection needle carrying a 


small perforated brass knob. He claims safety and speed for the method. 
Methods utilizing a rubber catheter always involve the problem of preventing 


the rat from biting the tube. Most operators®* employed a wooden mouth gag 
with a central hole for the passage of the catheter. We have tried this method 
and found it cumbersome and time consuming. The wooden mouth gag often 
hurts the animal, causes it to struggle, and not infrequently injures the mouth 
of the animal. We found the suspension method described by Machella and 
Griffith* too time consuming to be used for large groups of animals. We have 
had no experience with the procedure recently reported by Lehr,’ but from its 
description it involves many more steps than the very simple and safe method 
we have evolved in our laboratory. After a little experience the loss of animals 
from intubation by this method is all but eliminated. 


METHOD 


A No. 8 French rubber catheter with a depressed eye is used as the 
stomach tube. With the rat resting on the table and its head facing toward 
the operator’s right, the left hand of the operator is spread across the animal; 
the thumb and index finger are so placed that the middle of the distal phalanx 
of the former is at the angle of the mouth, while the latter straddles the base of 
the skull of the animal (Fig. 1). This arrangement gives these two fingers 
control of the head. The palm of the left hand fixes the animal to the table by 
gentle pressure on its back. In this way all four feet of the animal are im- 
mobilized. The thumb is then slid upward and backward, a procedure which 
draws the tissues back, opens the jaws, and at the same time slightly turns 
the head of the animal toward the operator (Fig. 2). This position must be 
maintained until the end of the procedure. The tip of the rubber catheter 's 
moistened with normal saline (not oil) and is inserted over the tongue and 
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passed either along the right or the left side of the mouth, keeping the tube as 
close to the cheek as possible. By this maneuver the tube moves readily down 
the esophagus into the stomach (Fig. 3). If any resistance to the passage of 


the tube is met, the tube should be removed an@ reintroduced. The length 
of catheter necessary to intubate the stomach depends upon the size of the ani- 
mal. With a little experience, impingement of the tip of the tube upon the 
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stomach wall is readily recognized. When measured amounts of fluids are to 
be injected, the catheter is attached to a Luer syringe and the fluid is drawn 
through the catheter before being introduced into the stomach. This permits 
one to ignore the fluid which remains in the catheter at the end of the injec- 
tion. After the fluid is slowly injected into the stomach, the catheter, with 
syringe attached, is quickly withdrawn. 


We have intubated several thousand rats by this method. In some the 
catheter was inserted three times a day for several months without apparently 
causing any discomfort to the animal. The technique may be learned quickly, 
and after a little experience one operator can handle sixty animals an hour. 
We have used the method successfully on animals weighing as little as 60 
grams each. 


SUMMARY 


A simple and safe method for gastric intubation and for the gastric in- 
stillation of fluids in the rat is deseribed. 
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BOOK REVIEWS 


Human Embryology. By Bradley M. Patten, Ph.D., Professor of Anatomy, University of 
Michigan School, Ann Arbor, Michigan. The Blakiston Company, Philadelphia, 1946. 
Price $7.00. Cloth with 776 pages (illustrated). 


The recent publication of the new textbook of Human Embryology by Professor B. M. 
atten is an unusually serviceable and timely contribution to the study of the subject. 
For a textbook covering material so full of detail, little of importance has been omitted. 
The volume is admirable for the clarity with which it is written and is highly recom- 
mended. Because the book is scholarly and gives a somewhat dogmatic approach to the 
anatomy of the developing human embryo and fetus, it will probably be adopted as a 
standard textbook in many medical schools. The author does not stray from his purpose 
of designing the work primarily for students of medicine and for physicians. Embryology 
is presented in a practical manner to both student and teacher, on paper that is relatively 
good for these times. The compilation of subject matter is amazingly complete and accu- 
rate, and the writer includes few text references to disrupt the continuity of the discourse. 
However, a list of 939 articles is arranged according to subject matter in the bibliography. 
The index is both complete and easy to use. 

While the aim of the book is both analytical and informative, it presupposes a gen- 
eral knowledge of the subject, particularly that of the development of the chick. Emphasis 
is given to the comprehension of developmental processes rather than to illustration of any 
particular form, other than that of man. Comparative anatomical aspects of the subject, 
therefore, are minimal. It is apparent, however, that the author is well aware that many 
features of human embryonie development are incomprehensible unless viewed in the light 
of development of some lower forms. The section on the phylogenetic development of 
muscles of facial expression, for example, is certainly adequate. The author’s keen in- 
sight into the subject, appreciation of students’ difficulties, and broad experience in inter- 
preting our present knowledge of human developmental processes is apparent in the topics 
selected for detailed discussion. 

Organization of subject matter is such that it provides a direct continuity between 
consecutive subjects, making for a unified discourse on human development rather than 
a series of individual treatises. Following the newer trend, proper names have been re- 
placed largely by names descriptive of the structure; the term ovum is used only in the 
restricted sense. Beginning with a short account of the history of embryology and the 
purpose of embryology in the medical curriculum, the text passes to a logical consideration 
of male and female reproductive organs. The sexual cycle is discussed adequately in the 
chapter devoted to processes of fertilization and sex determination. Segmentation of the 
zygote and establishment of the germ layers and the early embryonic body are well de- 
scribed, especially the section on formation of mesoderm and the origin of the primitive 
Streak, The Hertig-Rock 11- and 12-day-old human embryos are discussed, but the more 
recent 7- and 9-day-old human embryos are not included. Chapter five gives a good in- 
sight into the early differentiation of various regions of the body from primitive streak 
material. It is especially serviceable as a guide to the study of the 5 to 15 mm. pig embryo 
ani is a good substitute for a separate section devoted to laboratory instructions. Of 
vaiue also is a concise but pertinent account of early differentiation of the organ systems 
in very young human embryos which facilitates the comprehension of a complete picture 
of »mbryos, as a whole, up to six weeks of age, an age comparing favorably with that of 
5 to 15 mm. pig embryos. Subsequent stages of growth of each organ system are con- 
sidered in detail in later chapters. The sections on fetal membranes and the placenta, 
as ‘vell as those concerned with the organ systems, are well balanced and provide a good 
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embryologic foundation for advanced medical study. The chapter on age and body growth 
and form includes a number of authoritative graphs. Those depicting the growth of the 
body in stature during prenatal and postnatal life and mean weights of organs at different 
periods of fetal growth will be very useful. The description of twins, double monsters, 
and teratology leaves little to be desired. Causative factors operative in the production 
of developmental anomalies are also discussed. Particular stress is placed throughout the 
text on the more common developmental anomalies in human embryos. These are well 
described, admirably illustrated, and of value to clinicians. The section on Spina bifida 
is an excellent example, along with others cited, of the author’s belief that it is difficult 
to try to explain all anomalies on the basis of the theory of developmental arrests. 

Advanced stages of organogenesis, as well as histogenesis and frequent recourse to 
pictorial and descriptive accounts of postnatal development and comparisons between the 
newborn and adult, permeate the text. This highly desirable practice, facilitates the cor- 
relation of embryology with the study of histology and gross anatomy. Functional aspects 
of the work are intimately associated with developing structures throughout the greater 
part of the book. Outstanding sections of the text are those dedicated to the connective 
tissues and skeleton, nervous system, body cavities and mesenteries, urogenital system, and 
postnatal changes in circulation. Emphasis is also ascribed to histogenesis of the cerebral 
cortex, retina, general sense organs, digestive system, endocrine organs, and gonads. Much 
of the illustrative data has been obtained from the University of Michigan slide collee- 
tions. The numerous illustrations are well chosen and instructive. While they have been 
designed for more than sheer beauty, it would be difficult to surpass many of these illus- 
trations in artistic merit. Illustrated gross dissections tell an accurate story and serve as 
excellent teaching guides. The figures showing postnatal development of the skeletal, 
muscular, nervous, digestive, and circulatory systems should be of great value to those 
less expert than the author. 


The author clearly portrays embryology as a basis for understanding other anatomical 


sciences. He points out that it will lead the student ‘‘beyond anatomical memorizing to 


a comprehension of anatomy.’’ It will be recognized that such a textbook, despite the 


advances of experimental embryology, must contain some degree of dogmatism. The 
author’s experience and contributions, however, have made his opinions well worth know- 
ing and worthy also of the dignified format chosen. 

J. H. VAN DYKE. 
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Isolation and Cultivation 
of BRUCELLA 


Preliminary Enrichment 


Isolation of Brucella strains from blood specimens is 
best accomplished by preliminary enrichment of the 
sample in medium prepared from Bacto-Tryptose 
Broth. For isolation from samples of infected milk 
no enrichment is required. 


Isolation of Strains 


After enrichment, the blood specimens are streaked 
on plates of Bacto-Tryptose Agar and the plates are 
incubated at 37° C. Milk samples are streaked on 
plates of Bacto-Tryptose Agar prepared with crystal 
violet to inhibit the streptococci and other Gram- 
positive organisms. 


Differentiation of Types 


Bacto-Tryptose Agar to which thionin or basic 
fuchsin has been added is recommended for the 
differentiation of newly isolated strains of Brucella. 


Mass Cultivation 


3acto-Tryptose Agar, prepared without addition of 
dyes or other ingredients, supports luxuriant growth 
of all Brucella. It is an excellent medium for mass 
cultivation of the organisms for preparation of 
bacterial vaccines or antigens. 


Specify “DIFCO” 


THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


DIFCO LABORATORIES 


INCORPORATED 


DETROIT 1, MICHIGAN 
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STEIGER-SIMPSON SLIT LAMP 


for KAHN and other TEST TUBE SERODIAGNOSTIC TESTS 


STEIGER - SIMP- 

SON Slit Lamp . 

with standard Kahn “A Siecle Views Device for Read; 

ack in position. - ef: / imple Viewing Device for Reading 

Test Tube Precipitation Tests,’’ Howard P. 
Steiger, M.D., and John F. Simpson, Charlotte, 
N. C., The Journal of Venereal Disease Infor- 
mation, September, 1945. 


The Steiger-Simpson Slit Lamp was designed to provide a constant source of 
illumination not dependent on external conditions. The apparatus was primarily 
intended for Kahn tests, but is equally applicable to all other test tube sero- 
diagnostic tests. The features of this apparatus are... 


@ It provides a constant source of even illumination. 

@ Since the entire rack of tubes can be placed on the shelf of the 
lamp, all of the tubes can be read without removing them from 
the rack. 

The width of the slit and the height of the shelf can be adjusted 
so that many different types of tests can be read on the same 
lamp. 

@ The lamp housing can be tilted to give a convenient angle for 
reading. 


For best results the tubes are read with a magnifying lens. This offers the advantages 
of an enlarged view of the tubes and concentrating the technician’s attention onto the 
particular tube being read. 


The Lamp is metal construction throughout, black crackle finish. The Lamp housing is 
mounted on a base with two triangular uprights, attached with two knurled knobs 
which are for adjustment of the viewing angle. The source of illumination is a 14” 
daylight fluorescent bulb (for AC only) readily accessibie for changing. The shelf on 
which the test tube rack is placed can be adjusted up and down by releasing the two 
thumb screws at the bottom. The slit is adjustable to an opening up to %4” by re- 
leasing the four screws, two left and two right. The base of the Lamp is 1542” wide 
and 6” deep. The housing is 1544” wide, the front portion is 5” high and 4” deep. 
The adjustable shelf is 3” deep. Electrical wiring (8 feet) has on and off switch. 
Shipping weight 14 pounds. 


A-2200 STEIGER-SIMPSON SLIT LAMP, complete 
with 14” daylight fluorescent bulb, for AC only 
(without Kahn rack or test tubes) Each $34.50 


A-1336 MAGNIFIER, 3” lens is mounted in a metal 
frame with black handle. Magnification ap- 
proximately 3x Each $ 2.00 


CLAY-ADAMS 


ADAMS 
M 


| 44 EAST 23rd STREET, NEW YORK 10, N.Y. WOW 


Jour. of Lab. & Clin. | ‘ed. 
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NEW YORK 


Dec smber, 1946 


All Through the Night 
Undisturbed by Bronchial Spasm 


The effective prophylaxis of nocturnal attacks of asthma pro- 


vided by one Adnephrin capsule taken at bedtime ensures a full 


night of uninterrupted sleep, except in the most severe cases. 


To Relieve Bronchial Spasm 


THERAPEUTIC APPRAISAL: Phenobar- 
bital 16 mg. (0.25 gr.); Neo-Synephrine 
Hydrochloride 20 mg. (0.3 gr.); Amino- 
phylline 194 mg. (3.0 gr.). Sedative; 
vasopressor and bronchodilator; bron- 
chial and bronchiolar anti-spasmodic. 


INDICATED for relief and prevention 
of bronchial paroxysms in asthma, hay 


DETROIT 31, MICHIGAN 


KANSAS CITY SAN FRANCISCO 


WINDSOR, ONTARIO 


Trial Supply Upon Request. 


SYDNEY, AUSTRALIA 


fever and other respiratory allergies. 


DOSAGE: Adults—one capsule three or 
four times daily. Prophylactically—one 
capsule just prior to anticipated at- 
tacks; one capsule at bedtime controls 


nocturnal attacks. 


SUPPLIED in bottles of 50 capsules. 


AUCKLAND, NEW ZEALAND 


Trade-Marks Neo-Synephrine and Adnephrin——Reg. U.S. Pat. Off. 
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Of course, every analytical 
chemist keeps crucible tongs 
within reach at all times; but 
there are numerous jobs for 
which these are too large and 
clumsy. That is why most 
chemists keep a good stainless 
steel forceps handy for re- 
moving articles "from bottles 


and jars. 


No. 13490 Bottle Forceps are 
extra long and heavy, and are 
provided with corrugated 
handles equipped with guide 
pin, and rounded, blunt file- 
cut points. Length 250 m.m. 
These are now in stock at 


$1.50 each 


“Cenco News Chats,” containing information on new laboratory 


items, are available upon request to technical personnel in educa- 


tional and industrial institutions. 


CENTRAL SCIENTIFIC COMPANY 


SCIENTIFIC INSTRUMENTS CHO LABORATORY APPARATUS 
NEW YORK TORONTO CHICAGO BOSTON SAN FRANCISCO 


Jour. of Lab. & Clin. V. 4. 


. 
: 
$ 4 
% 
<3) 
4 
y 
la 
| 
By 
ented 
any di 
storag 
slide 
THE 
Page 4 
> 
= 


greater 


capacity 


at amazingly low cost! 


This new “LAB-AID” cabinet is the ultimate solu- 
tion to the filing problems encountered in the 
laboratory. It is of welded-steel, fire-resistant con- 
struction throughout. Files 3x1" or 3x2” micro- 
slides, 2’’x2” transparencies, large lantern slides, 
index cards, even paraffin blocks . . . in single-row 
drawers, all fitting interchangeably into a smooth- 
tracking master drawer-rail system. Unit-sections, 
assembled in any combination, can be used singly, 
or stacked to any convenient height. With all these 
advantages, the cost-per-slide capacity in the 
“LAB-AID” cabinet is the lowest ever. Investigate 
this remarkable equipment... the coupon will 
bring details. 


A single “LAB-AID” unit-section. Any 
ee combination of drawers can be supplied. 


The Technicon Company 
215 East 149 Street 
New York 51, N. Y. 


Please send me details concerning your “LAB-AID” micro- 
slide filing cabinet. 


By merc’. dropping in a pat- 
ented’! \B-AID” slotted liner, 
any dro. er is converted from 
= filing to individual- Street 

ide f ing, or vice-versa. 


echnicon company 
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Cutter Solutions in SAFTIFLASKS 


are tested chemically, biologically 
and physiologically for assured safety 


SAFE IN USE, TOO 
because of = 

Delicate biologicals produced at Cutter run no Kcpitenve sine 

tougher course than Saftiflask Solutions — to get 

the “okay” of Cutter’s expert testing staff. 


The Cutter solutions staff is good, but not perfect — 
the solution laboratory equipment is exceptional, 
but not fool-proof. As a result, occasional lots go 
down the drains. Safety is not taken for granted at 
Cutter. Solutions which reach your hospital have 
been proved safe by technicians who are both born- 
and-trained faultfinders. 


Saftiflask’s all-in-one design cuts risk in handling, 
too. No tricky gadgets to hamper efficiency. Just 
plug in the tubing—and the injection outfit is ready 
to use. Why not ask your Cutter representative to 
demonstrate? 


CUTTER LABORATORIES C UTTE R 
BERKELEY - CHICAGO NEW YORK 


Fine Biologicals and 
| 
| 


Pharmaceutical Specialties 
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... for Quick Recognition 
and Accurate Examination 
of Laboratory Specimens 


WIDE variety of laboratory work may be 


done quickly and accurately with this in- 


strument of high precision and optical quality. 
The standard Bausch & Lomb BA-8 Medical 


Microscope provides three objectives and two 


eyepieces yielding magnifications from 20X 


to 970X. A mechanical stage permits accu- 


rate movement of slides, and may be racked 


off for examination of large specimens and 


Petri dish work. Dark-field equipment may be 
easily substituted by removing the Abbe Con- 


denser. Rack and pinion coarse adjustment, 


and B&L patent lever-type fine adjustment 


with automatic take-up for wear, assure posi- 


tive, smooth focusing. Details available in 
Bulletin D-109. Bausch & Lomb Optical Co., 
646-12 St. Paul St., Rochester 2, N. Y. 


BAUSCH & LOMB 


Cooperating with Men of Science since 1853 
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PURE 


Merck research has been directly responsible for 
many important contributions to the synthesis, de- 
velopment, and large-scale production of individual 
vitamin factors in pure form. 

In a number of instances, the pure vitamins may 
be considered to be products of Merck research. 
Several were originally synthesized in The Merck Re- 


VITAMINS 


— Products of Merck Research 


Thiamine Hydrochloride U.S.P. 
(Vitamin By Hydrochloride) 
Riboflavin U.S.P. 
(Vitamin Bz) 

Niacin 
(Nicotinic Acid U.S.P.) 
Niacinamide 
(Nicotinamide U.S.P.) 
Pyridoxine Hydrochloride 
(Vitamin Bg Hydrochloride) 
Calcium Pantothenate 
Dextrorotatory 
Ascorbie Acid U.S.P. 
(Vitamin C) 

Vitamin Ky 
((2-Methy1-3-Phy ty 1-1,4-Naphthoquinone) 

Menadione U.S.P. 


(2-Methy 1-1, 1-Naphthoquinone) 
(Vitamin K Active) 


Alpha-'Tocopherol 
(Vitamin E) 
Alpha-Tocopherol Acetate 


Biotin 


Merck & Co., Inc. now manufac- 
tures all the vitamins commercially 
available in pure form, with the 


A and D, 


exception ef vitamins 


search Laboratories, and others have been synthe- 
sized by Merck chemists and collaborators in associ- 
ated laboratories. 

Because most of the known vitamins have now 
been made available in pure form, effective therapy 
of specific vitamin deficiencies can be conducted on 2 
rational and controlled basis, under the direction of 
the physician. 


MERCK & CO., Inc. 


Manufachaing Chemists 


MERCK VITAMINS | 


RAHWAY, NEW JERSEY 
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“Mr, Service of Corning Glass 
to see you”... 


BACK FROM THE WARS and back on the job are most of 
the Corning Field Research and Service men. Right now 
they are undergoing a “refresher course’ here at the 
factory brushing up on all the new developments while 
they were away. Soon, however, they will be out on the 
road—calling on users of “Pyrex,” “Vycor’ and “Corning” 
Laboratory Glassware. 


These men are direct factory representatives. They come 
to serve—not to sell. To bring you news of recent im- 
provements, new discoveries, new methods. To obtain 
from you your opinion of recent developments and how 
Corning can make them still better. 


Each man is a trained technician. He speaks your lan- 
guage. He understands your problems. His work com- 
bines both Field Service and Field Research. He calls 
on you in your laboratory to determine how Corning 
can serve you better. And, equally important, to gain 
new ideas, new suggestions from you. For from these 
first hand contacts of our field representatives has come 
the inspiration—the start—of much Corning Research in 
Glass—research that has constantly improved laboratory 
glassware and laboratory technique. 


The card of the Corning field contact man is a card of 
cooperation. Any time you spend with him will, we know, 
be of mutual benefit. 


Pyrex is a registered trademark and indicates manufacture by 


CORNING GLASS WORKS, CORNING, NEW YORK 


(SoRNING 


PIRER cavcnarony ccassuere 
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Stokes freeze-drying equipment for desiccation from thé 
frozen state helped make possible the development of the 
Blood Plasma and Penicillin programs. It is in equally 
successful use for preserving serums and other labile bio- 
logicals by Drying by Sublimation* under high vacuum. 

Along with the University of Pennsylvania and Sharp 
and Dohme, Stokes pioneered in developing both the 
method and the equipment to make freeze-drying com- 
mercially practical. Today more than 275 Stokes units are 


in use in laboratories, hospitals, universities, government 
* Journal of Immunology, Vol. 50. No. 1, 1945, 


FOR UNLIMITED PRESERVATION, 

WITHOUT REFRIGERATION, OF 

e VIRUSES 

e PENICILLIN 

STREPTOMYCIN 

e VITAMINS 

e SERUMS 

e AMINO ACIDS 

e OTHER BIOLOGICALS, CHEM- 
ICALS, PHARMACEUTICALS, 
AND CHEMOTHERAPEUTICS 


health services and commercial plants in many parts of 
the world. 

Stokes engineers and manufactures complete equip- 
ment for the process, from test tube to plant-scale ca- 
pacity. Facilities and authoritative assistance are available 
for research, development and application of this process. 
A complete pilot plant in the Stokes Laboratory is used 
for tests and demonstrations. Our technical staff invites 
your consultation. 


F. J. STOKES MACHINE CO. 
Philadelphia 20, Pa. 
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. Condenser Thermometer permits the op- 
erator to gauge performance at all times 


and to quickly and accurately adjust the 


regulating valves . . . an important in- 


novation featured in 


AMERICAN 
WATER STILLS 


unexcelled for the production of pyro- 
gen-free water for the preparation of 
parenteral fluids and surgical solutions. 


CLEANING SIMPLICITY THAT SAVES OPERATING TIME 


The evaporating pan can be readily removed for cleaning 
out sludge accumulations without the aid of any tool whatever 


The heating coil is thus exposed for scale removal at the same 
time. This exclusive “American” design invites frequent clean- 
ing which is essential to efficient operation and highest quality 


s of of distillate. 

uip- 

DESIRED SAFETY AGAINST “‘BURN-OUT” 

able 

any American electrically heated Stills also incorporate a burn- 

sed out-»roof factor of importance. Power will not flow unless the 

ites evaporating pan is properly filled with water. Failure of the Specify “American” Stills for single, double or triple 


distilled water. Capacities ranging from 1 to 25 gallons 
of distillate per hour. 


water supply, for any reason, automatically shuts off all 


Current, 


ORDER TODAY or write for descriptive literature 


x) AMERICAN STERILIZER COMPANY 


Erie, Pennsylvania 


> § DESIGNERS AND MANUFACTURERS OF SURGICAL STERILIZERS, TABLES AND LIGHTS af 
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... assures stability of urine and 
other biological fluid specimens 


Preservagent—the result of months of research—is an 
ideal preservative for biological fluid specimens. It will 

AN IDEAL j not interfere with tests in urinalysis. It is used in the Fried- 
PRESERVATIVE man modification of the Ascheim-Zondek test, yeast fer- 
) mentation test for glucose, standard odor test, or pH 


determinations, etc. 


Protected with Preservagent, specimens may be stored 
for long periods. Only two drops are required per fluid 
DEPENDABLE ounce— 540 tests per bottle. 
ECONOMICAL JL81306 — Preservagent, in convenient 60-ml dropper 
bottle, per bottle 
10% discount in lots of 12 bottles 


preservagent 


Trade Mark Rights Reserved 


A. S. ALOE COMPANY e 1831 Olive Street e St. Louis 3, Missouri 


Benedict Compound Paragon 


Qualitative — Quantitative 
(Dry Granules) 


Nessler Compound Paragon 
(Dry Granules) 


for the simplest method of preparing 
Nessler Solution which will not be 
affected by the amount of carbonates 
ordinarily present in sodium _hy- 
droxide. The granules and the re- 
sulting solution will remain stable 
for years. 


$1.90 per bottle (68 grams) sufficient 
for one liter of Nessler Solution, 
which is made by simply dissolving the 


You can now have perfect Bene- 
dict Solutions (qualitative or 
quantitative) for the determina- 
tion of sugar in urine by simply 
dissolving the granules in water. 


Packed in two convenient sizes: 


QUALITATIVE QUANTITATIVE 
P501—for 1 liter P611—for 1 liter 
P520—for 1 gallon P631—for 1 gallon 


contents of bottle in 10% sodium 
hydroxide solution. 


Convince yourself by ordering Ness- 


ler Compound Paragon. Available 
for immediate delivery. 


Efficient 


Convenient 


Priced so that each qualitative 
test costs % of a cent, when pur- 
chased in lots of 12 gallons (1 
case); slightly higher when 
purchased in smaller quantities. 


Economical 


Manufactured exclusively by 


PARAGON C. & C. CO. INC., 2540 Belmont Avenue, New York 58, New York 


Jour. of Lab. & Clin. 1 ‘ed. 
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215 East 


This is a close-up view of a rack of microslides 
undergoing staining on the Autotechnicon. The 
process is completely automatic, and geared to 
split-second timing. The slides are now descend- 
ing into one staining-fluid beaker: at the precise 
moment when the required immersion period has 
been completed, they will be promptly raised, 
anc rapidly shifted to the next station in the 
sequence . . . automatically, infallibly. During 
immersion the slides are rotated gently within the 
fluid, thus assuring rapid, even stain permeation. 


automatic tissue processing... fixation, 
dehydration, infiltration, washing, staining 


THE TECHNICON 


149th Street * New 


COMPANY 
York 51, 


Any technique prescribed by the pathologist 
may be employed. Once the master dial has been 
set for the correct time intervals, the method may 
be repeated time after time, without the minutest 
variation, and independent of any supervision. 
Each batch of slides put through is stained 
in exactly the same way, resulting in unvarying 
uniformity. 

Autotechnicon staining is not only convenient, 
dependable, time-saving...it produces “Sunday- 
best” slides... every day. 


N. Y. 
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THESE FACTS ARE CONVINCING... 


Pour-o-vac Seals eliminate the possibility 
of sterile water contamination caused by 
intake of bacteria-laden dust . . . avoids 
contamination by unfiltered air. 


They serve a secondary function of provid- 
ing a dustproof seal for remaining fluid 
when only the partial contents of a con- 
tainer are used. Of importance, they are 
interchangeable with all Fenwal 3000, 
2000, 1000 and 500 ml. containers. 


In permitting contents to be stored for long 
periods under vacuum .. . periodic testing 
for sterility without breaking the hermetic 
seal . . . pouring of contents from a non- 
drip sterile lip, Pour-o-vac seals eliminate 
the wasteful, time-consuming and ques- 
tionably scientific method of sealing with 
gauze, cotton, paper, string and tape. 


ALSO INV ESTIGATE—Fenwal Automatic 
Washing Units, capable of accommodating and 
thoroughly cleansing 4 containers in 30 seconds. 


Heaoouaerees ror sciemriric 
GLASS BLOWING LABORATORY 
AMD CLINICAL RESEARCH 
PARATUS REAGENT CHEMICALS 


ORDER TODAY or write immediately for 
further information 


MACALASTER BICKNELL COMPANY 


243 Broadway Cambridge, Massachusetts 
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“TYGON” PLASTIC TUBING 


FLEXIBLE—TRANSLUCENT—INERT 


Physieally, this new Plastic Tubing resembles rubber tubing in flexibility, 
toughness, resistance to abrasion, and dielectric strength. Unlike rubber, 
it is not affected by oxidation, light, or exposure to grease or oil. It will 
not become brittle with age. It may be used safely at temperatures rang- 
ing from—50° F. to plus 225° F., and is still flexible even at—50° F. 
Tygon Tubing is clear, for ready visibility of solutions; flexible and elas- 
tic, for quick connections; inert and non-toxic. Its natural adhesion to 
elass makes quick pressure-tight seals an easy matter. Tygon Tubing can 
be safely sterilized at 20 Ibs. steam pressure for 15 minutes but it should 
not be kinked during: sterilization. 


All the ingredients in Tygon Tubing have been thoroughly tested and 
found to impart no toxicity to solutions; nor will any of the ingredients 
leach out or absorb, except in contact with chlorinated or aromatic hydro- 
carbons, ketones, and esters. Tygon Tubing is both odorless and tasteless. 


15033 —“TYGON” TRANSLUCENT PLASTIC TUBING 


Inside diameter, inches —------ : 3/16 1/4 5/16 3/8 1/2 
Wall thickness, inches ~------- 1/16 1/16 1/16 1/16 1/16 


Less 10% in 10 ft. lengths. 
Less 15% in 50 ft. lengths. 
Less 30% in lots of 500 ft. or more, in carton units. 


WILL CORPORATION 


4 ROCHESTER 3, N. Y. NEW YORK 12,N. Y. 
BUFFALO APPARATUS ‘corP., BUFFALO 5,N. Y. 
SOUTHERN SCIENTIFIC COMPANY, INC., ATLANTA 3, GA. 
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The Doctors behind the Doctor 


@ Magical penicillin . . . the amazing “sulfas”... and now 

r the new streptomycin... Thank the men of ienneinds medi- 

TO ‘4 cine for those... and for all the other valuable aids they 
. have placed in the doctor’s “little black bag.” 

Biochemists and bacteriologists... pathologists and phys- 
iologists... whatever the field of research... they are, 
first and foremost, doctors! And, like all doctors, they are 
tirelessly devoting their lives to the cause of human health, 
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According to a 
recent independent 
nationwide survey: 


R. J. Reynolds MORE DOCTORS 
SMOKE CAMELS 


than any other cigarette 
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BRAND OF FOLIC ACID AND IRON 


ANNOUNCING THERAPY THAT IS... NEW! Indications: The macrocytic anemias (sprue, 
macrocytic anemias of pellagra, pregnancy, 

Sp: ific for red cell maturation and and infants); and iron deficient anemias 
her: oglobin production ! ! (nutritional anemia. postinfectious anemia, 
primary microcytic anemia, and iron-deficient 
Ac mbined treatment for macrocytic anemia of pregnancy). *Trademark 


anc iron-deficient anemias!!! BOTTLES of 100 and 1000 capsules 
LEDERLE LABORATORIES DIVISION 
AMERICAN CyANAMID Company e New York 20, N. Y. 


For ‘he first time, there is now available a 

spec ic for the maturation of red blood LISTEN to the latest in and 
—FOLVITE* clinical medicine discussed by eminent members of 

Celis -— TE* Folic Acid—and a specific the medical profession in the Lederle radio series, 


j y evening over the American Broad- 


Iro:. combined in a single drug. casting Company network and affiliated stations. 
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HEMACYTOMETERS 


with 
LEVY and LEVY-HAUSSER COUNTING CHAMBERS 


Improved May 24 1927. 


1/400 sq¢mm i Ley 
1/10 mm deep ry 


N° 84626 


LEVY -HAUSSER 
COUNTING CHAMBER 


US PATENT 
-1924 


3369-F. 


HEMACYTOMETERS. With Levy and Levy-Hausser Counting Chambers which 
coasist of solid glass slides, of either colorless or green glass, and embody the follow- 
ing special features: 


Sharp, Deep Permanent Rulings, cut directly into the surface of the plane glass, 
which is not easily scratched. Lines are of high visibility when cell is filled 
with diluted blood. 

Chamber Charging Inclines, which facilitate charging of the chamber and increase 
accuracy by reducing risk of overcharging. Also lessen danger of uneven dis- 
tribution as chamber fills with a quick capillary influx. 

Deep, Wide Protecting Trenches, both outside and transverse, which facilitate 
cleaning. 

Finding Lines on matte surfaces at left of slide which facilitate location of ruled 
area without danger of disturbing the distribution. 

Green Glass, Specially selected to minimize eye fatigue. Rulings and corpuscles 
appear sharply defined against the subdued background. 


3369-F. Hemacytometer Outfit, consisting of Levy Counting Chamber of colorless 
glass with double Improved Neubauer ruling and two cover glasses; two 
Thoma diluting pipettes, one for red and one for white corpuscles; in 
ease of dark green artificial leather lined with velveteen 

3369-G. Ditto, but with Levy-Hausser Counting Chamber with double Improved 
Neubauer ruling 

NOTE—Above Hemacytometers can be supplied at same price with Counting 
Chambers of green glass in place of the colorless glass. 


Levy Counting Chamber, of colorless glass, with two Improved Neubauer 
rulings and two cover glasses but without case 
Ditto, but of specially selected green glass 
Levy-Hausser Counting Chamber, consisting of cued slide of colorless glass 
with two Improved Neubauer rulings in Bakelite holder 75 x 35 mm. 
forming a practically unbreakable unit; with two cover glasses but with- 
Ditte, but of specially selected green glass_.--........--_________...--__--_ 12.00 


Copy of 12-pp pamphlet EE-109, ‘“‘Hemacytometers with Levy 
and Levy-Hausser Counting Chambers,” sent upon request. 


ARTHUR H. THOMAS COMPANY 


RETAIL — WHOLESALE — EXPORT 
LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE PHILADELPHIA 5, PA. U.S.A. 
CABLE ADDRESS, “BALANCE,” PHILADELPHIA 
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HEMOGLOBIN DETERMINATIONS 
with the New Spencer Hb-Meter x ie 

Here is by fe he s lest. fastest, mos directly on 

re is by far the simplest, fastest, most A lace 


economical way to make hemoglobin de- 
terminations of laboratory accuracy. 
Carried in pocket or bag, the new Hb-Meter 
is instantly ready for use at the hospital. Blood is 
quickly 

hemolyzed 
from the self-contained dry cells or from any by agitating 
with 
hemolysis 
metric measurements are necessary. No applicator. 


office, or patient’s bedside. It operates either 
electrical outlet. No diluting fluids or volu- 
tables or calibration curves need be con- 


sulted. The results appear directly in grams 
per 100 ce or in terms of percentage normal Chamber is 


inserted and 
for any one of three recognized standards. che Golds 
matched. 


See your local supplier for further informa- 

tion about this companion to the well-known ’ : 

ee Concentration May 
BRIGHT-LINE” Haemacytometer .. . or Now Be Read 


Directly From 


write Dept. M15. 


American @ Optical 
COMPANY 
Scientific Instrument Division 
Buffalo 15, New York 


: 
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thoroughly clean pipettes ...at great 
savings in labor and breakage costs 


AUTOMATIC PIPETTE WASHER 


In a few brief minutes, through its unique flush-action 
washing principle, The Technicon Pipette Washer de. 
livers a full basket load (200 of 1 ml in 100th’s) of scrupu 


lously clean pipettes, ready for drying in the same basket. 


No handling of individual pipettes, no shifting from one 
container to another ... the entire process of cleansing, 
washing and drying is carried through without fuss or 
bother. We will be glad to send you a bulletin giving par. 


ticulars of this remarkably efficient laboratory appliance. 


THE TECHNICON COMPANY 
215 East 149th Street + New York 51, N.Y. 


the efficient Technicon was 
ing principle is 
in views 


with pipettes, immersed in Technicon wash- let valve Water then 
chamber. Water surges in at inlet, rapidly, through pipettes, 
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The Completely New! 
NESSLER COMPOUND 


Just Dissolve 
in Water 


action 


to make a perfect, stable 
Nessler Solution of the 
correct alkalinity (8.5 p.c. 
NaOH). 


Each bottle contains 155 
i . gm. of dry granules to 
séprepare one liter of Nes- 
Micent scientiFiC cler Solution. 


Price: 1 bottle (155 gm.) 
$2.40. F. O. B. New 
York, N: Y. 


Write for Leaflet on Our ‘‘Easy-to-Use”’ 
Benedict Compounds ... Qualitative 
Quantitative 


REGENT SCIENTIFIC COMPANY 
919 Brook Ave. New York 56, N. Y. 


A complete line for clinical laboratories de- 
voted to all branches of chemistry, bacteri-. 
ology, hematology, and parasitology. Tested 
and checked in our own clinical laboratories. 
Purity warranted. Our facilities assure prompt 
shipment of large or small orders. Inquiries 
invited. 


COMPLETE CATALOG 


Reagents catalogued alphabet- tt 


ically—also according to sub- Ref, 


jects and techniques, plus med- CG e 
ical reference guide. Catalog - Viele 
comprises full line blood test- 

ing sera including anti-Rh, 

anti-M and anti-N; also re- 

agents for Wassermann, Kline, 

and Kahn tests. Write for your 

copy. FREE ON REQUEST. 


RADWOH 
4 LABORATORIES 


R. B. H. Gradwohl, M. D.,Director 


A 3514 Luces Av. St. Louis, Mo. 


December, 1946 


Large assortment of 


Microscopes and Accessories 
NEW and USED 


SPENCER 
33MH 
13MLH 


Oil Immersion Objectives 95Y 
Mechanical Stages 

Oculars 

Dark Field Condensers 
Microscope Lamps 


Monoculars 
Binoculars 


Emmediate Delirery 


J. BEEBER CO., INC. 


1109 Walnut St. 
Philadelphia, Pa. 
Kin 5-0646 


838 Broadway 
New York, N. Y. 
Al 4-3510 


ANTI RH SERUM 
OF HUMAN ORIGIN 
lcc $5.00—2cc $8.50—5cc $17.50 


ANTI RH SERUM 
OF HUMAN ORIGIN 
for Rapid Slide Test 
2cce $7.50—5cc $13.50 


A and B BLOOD 
GROUPING SERUM—HUMAN 
High Titre, Rapid Action 


Write for price list and contract order form 


Preserved Sheep Cells 


Guaranteed Reliability for one month 
12cc $1.75 


Write for free sample and contract order form 


POSITIVE SERUM FOR CONTROL 


Standardized 2+ and 4+ 
5cc $2.50 


CERTIFIED BLOOD DONOR SERVICE 
146-16 Hillside Ave. Jamaica 2, N. Y. 
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MOTHER 


DAUGHTER 


| )) hat one gift would please them all ? 


No matter what their tastes... their hobbies . . . their likes 
or dislikes . . . there’s one gift that will please them, each and 
every one. 


That gift is a United States Savings Bond. 


This Christmas, put at least one Savings Bond under the tree 
for someone you love. 


Contributed by this magazine in co-operation 
with the Magazine Publishers of America as a public service. 
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ne KLETT SCIENTIFIC PRODUCTS 


Klett-Summerson Photoelectric Colorimeters, Colorimeters, 
Nephelometers, Fluorimeters, Bio-Colorimeters, Comparators, 
Electrophoresis Apparatus, Glass Standards, Glass Cells, 
Klett Reagents 


THE KLETT SUMMERSON 


PHOTOELECTRIC 
COLORIMETER 


No. 800-3 
MICRO- MACRO 


Developed with the requirements of 
routine colorimetric analysis particu- 
larly in mind, but has found applica- 
tion in a variety of unusual analytical 
procedures as well. No logarithm 
tables or ‘‘calibration curves’’ on 
semilogarithmic paper required. The 
concentration of unknown is obtained 
directly from the scale reading by 
simple calculation. $148.00 


KLETT 
BIO - COLORIMETER 


The visual colori- 
meter illustrated 
presents a num- 
ber of outstanding 
features making 
itideal for clinical 
or research work. 
Built on the most 
modern mechan- 
ical and optical 
principles, it is 
widely accepted 
for its accuracy 
and durability. 


$69 and $79 


179 EAST 87th STREET, NEW YORK, N.Y. 


Klett 
MANUFACTURING CO. 


December, 1946 


CLINITEST 


TABLET METHOD 
for Detecting 


URINE-SUGAR 


An Economy in Your Laboratory 


Eliminates: 


Use of Flame 
Bulky Apparatus 
Measuring of Reagents 


Provides: 


Simplicity 
Speed 
Convenience of Technic 


It will pay you to purchase 
Clinitest Reagent Tablets in 
bottles of 100 or 250 from your 
supplier if you run more than 10 
tests daily. 


com lote information write 


AMES COMPANY, Ine. 
Elkhart, Indiana 
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GUINEA PIGS 


Phone 8113R12 


RABBITS 


Satisfactorily shipped 1,000 miles and more 


For prices and information, write, wire, or phone 


HILLTOP CAVIARY 


Established 1928 


WHITE MICE 


SCOTTDALE, PA. 


(near Pittsburgh) 


"See Next Page for Additional Information on Laboratory Animals 


TWO IMPORTANT REFERENCE BOOKS 


Davison’s Synopsis of 


Materia Medica Toxicology and 
Pharmacology New Third Edition 


By FORREST RAMON DAVISON, B.A., M.Sc., 
Ph.D., M.B., Assistant Professor of Pharmacol- 
ogy in the School of Medicine, University of 
Arkansas. 

THIRD EDITION. 766 pages, 40 illustrations, 
4 color plates. PRICE, $6.50. 


CONTENTS 

The Basic Principles of Pharmacology; 
Materia Medica; Prescription Writing; Toxi- 
cology; Classification of Drugs; Drugs Ap- 
plied to Skin, Wounds, and Mucous Mem- 
branes for Local Effects: Drugs Acting on 
Skin and Mucous Membranes, Drugs Acting 
on or in Gastrointestinal Tract; Drugs Act- 
ing on the Central Nervous System: Stimu- 
lants, Depressants; Drugs Acting on the 
Peripheral Nervous System; Parasympa- 
thetic Nervous System, The Sympathetic 
Nervous System, Parasympathetic and 
Sympathetic Ganglia, Cerebrospinal Nervous 
System; Drugs Acting on Muscle; Diuretics; 
Metals and Metalloids: The Heavy Metals, 
The Alkaline Earth Metals, The Metalloids; 
Biologicals: Vitamins, Serums and Vaccines, 
Harmones. Miscellaneous; Miscellaneous 
Drugs. 


Bray’s Synopsis of 


CLINICAL LABORATORY 
METHODS 


By W. E. BRAY, B.A., M.D., Professor of Clini- 
cal Pathology, University of Virginia; Director 
of Clinical Laboratories University of Virginia 
Hospital. 


THIRD EDITION. 528 pages, 93 illustrations, 
20 color plates. PRICE, $5.00. 


CONTENTS 


General Rules: Laboratory Examinations of 
Value in Various Cases. Urinalysis. Hema- 
tology. Blood Chemistry Gastric Analysis. 
Feces and Intestinal Parasites. Puncture 
Fluid Examination, Cerebrospinal Fluid Ex- 
amination. Sputum. Bacteriology. Water 
and Milk Examination. Serology. Basal 
Metabolism. Allergy Tests. Poisons and 
Foreign Substances. Surgical Pathology. 
Indicators, Stains and Staining, Solutions, 
Reagents, Removal of Laboratory Stains, 
Atomic Weights, Table of Equivalents, 
Table of Normals. 


THE C. V. MOSBY COMPANY — Publishers — ST. LOUIS 3, MO. 
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FRIEDMAN TEST VIRGIN DOES 


Quick and Safe Delivery Assured 


CLOVELLY FARM William Prescott, Owner AVON, OHIO 


Prices reasonable. Every animal guaranteed. 
Prompt safe delivery of all orders. References furnished. 


RILEY — The Rabbit Man — 331 W. Carpenter Street, Springfield, Il. 
(Phone 5874) 


Rabbits for All Types of Laboratory Use 
Any breed, size, sex or color. 
FRIEDMAN TEST VIRGIN DOES 


For Pregnancy Testing 


For concentrating urine for the Xenopus pregnancy test try ‘‘ADSORMONE’’ 
a new Colloidal adsorbant which has been especially developed for greater accu- 
racy simpler technique and lessened frog loss. 


For prices and information write 


LOUIS C. HERRING & COMPANY 1585 George St., Orlando, Fla. A 


Speed Accuracy Economy 
| Xenopus Frogs 


ALL TYPES OF RABBITS FOR LABORATORY PURPOSE 


Virgin Does—Any breed, color or weight desired 
Will ship rabbits same day order is received 


PETER J. FLINN 160 Ontarion St., ALBANY, N. Y. 


ROCKLAND Stock Diets 


hese ond thor- Rockland Stock Diets Are Specific 
oughly assaye utritional influences 

need no wane be accepted as unknown ROCKLAND BABBIT RATION 
factors. ROCKLAND diets constitute an ROCKLAND MOUSE DIET 
intelligent po pe point toward uniform ROCKLAND RAT DIET (D Free) 
results in delicate investigations and rou- ROCKLAND RAT DIET (Complete) 

tine research. ROCKLAND GUINEA PIG DIET (C Fortified) 


Milled and distributed solely by 
ARCADY FARMS MILLING CO., 228 West Jackson Blvd., Chicage, Ml. 
Products of 
ROCKLAND FABMS OC. tye 
Insist upon animals raised and fed on ROCKLAND diets. 
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CARL V. MOORE, M.D., Editor 
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Editorial Communications 


Original Contributions.—Contributions, letters, and all other communications 
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Gift Suggestions 


for your Doctor Friends 


MODERN MANAGEMENT IN CLINICAL 
MEDICINE 
By F. Kenneth Albrecht, M. D. 


Invaluable as refresher to physicians 
returning from the armed forces, and as an 
ofice tool to the practitioner, Doctor 
Albrecht’s book is a mine of usable informa- 
tion on the diagnosis and treatment of the 
ills which the doctor sees in his everyday 
practice. Interestingly written in a refresh- 
ing style, bountifully illustrated, with up-to- 
date bibliographies and a complete index. 

1,238 pages, 237 illus., 11 color plates, $10.00 


STEDMAN’S MEDICAL DICTIONARY 
Edited by Norman B. Taylor, M. D. 


Completely revised and brought up-to-date, 
the new 16th edition is the “last word” in 
meaning, pronunciation, and derivation of 
medical terms. Hundreds of new words have 
been added, many pertaining to war medicine, 
tropical medicine, physiology and biochemis- 
try. Obsolete terms have been deleted, and 
numerous cross references lead the reader to 
the preferred term for any item. Numerous 
illustrations help to clarify definitions. Con- 
venient size and easy-to-read format make it 
a pleasure to use. 


1,292 pages, 23 plates, many text illus., $7.50 


GENUINE WORKS OF HIPPOCRATES 


Translated by Francis Adams, LL. D., 
Surgeon (1849) 


Hippocrates brings you complete stories of the 
onset, course and outcome of diseases treated 
today, with accurate word pictures of sick 
men and careful descriptions of their appear- 
ances. Here is clinical medicine when it was 
first freed from religious aspects and from 
sacred and demoniacal causes of ill health. 
This edition, prepared by Doctor Emerson 
Crosby Kelly, is based on Francis Adams’ 
famous translation. 


384 pages, 8 plates, $3.00 


DIAGNOSIS AND TREATMENT OF 


BRONCHIAL ASTHMA 
By Leslie N. Gay, M. D. 


Doctor Gay's book embodies the latest 
information on a complex and baffling dis- 
order—the theories and controversies in 
addition to the well-founded facts. Drawing 
on 25 years’ experience in clinics and private 
practice, the author presents a complete cover- 
age of etiology, diagnosis and treatment, 
illustrated by numerous case histories. In 
addition, he discusses procedures of question- 
able value, differential diagnosis, and com- 
plications. 


344 pages, 86 illus., $5.00 


The Williams and Wilkins Company 


Mt. Royal and Guilford. Aves. 


Please send me: [J Albrecht { Gay 


[] Stedman 


Baltimore 2, Md. 


Hippocrates 
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Those three words—‘Fight Infantile Paralysis’’—point 
up America’s continuing war against a disease for which no 


cure or preventive has yet been discovered. 


But through modern treatment methods, poliomyelitis 
disabilities often can be reduced appreciably and _ patients 
stage good recovery. Prompt action is of prime importance 


to achievement of maximal benefit to the victim. 


The National Foundation for Infantile Paralysis’ chap- 
ters—serving the nation’s 3,070 counties—are ever on the 
alert for outbreaks of the disease in their area. These chap- 
ters pay transportation, hospitalization, medical and nursing 
charges for infantile paralysis patients, regardless of age, 
race, creed or color. They fulfill the Foundation’s pledge 
that no infantile paralysis victim need go without care and 


treatment for lack of funds. 


Should polio strike, get in touch immediately with your 


local chapter of 


THE NATIONAL FOUNDATION 
FOR INFANTILE PARALYSIS 
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Schaub-Foley’s 
METHODS for DIAGNOSTIC BACTERIOLOGY 


By ISABELLE G. SCHAUB, A.B., Instructor in Bacteriology, Johns 
Hopkins University School of Medicine; and M. KATHLEEN FOLEY, 
A.B., Bacteriologist in Charge of the Diagnostic Bacteriological Labo- 
ratory of the Medical Clinic, Johns Hopkins, Baltimore. 430 pages. 


PRICE, $3.59. 


In the first chapter are given explicit directions for the handling of clinical and 
autopsy material. Following the new chapter II are five chapters which cover step- 
by-step directions for the identification of organisms which are commonly en- 
countered in medical bacteriology. Methods for serological study of organisms 
and patient’s sera are presented in chapters VIII and IX. The remaining chapters 
include formulas and methods for preparation of culture media, reagents, stains, 
and other microscopic preparation suggested in the foregoing procedures, and 
directions for performing the tests referred to. 


Throughout, the data have been brought up-to-date and new laboratory tested 
methods added. ‘The authors attempt to emphasize selection of a single method and 


media which can be relied upon. 
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with th EIMER AND AMEND Salling Drop 


THE FALLING DROP METHOD requires 
a sample of only .02 ml., provides results 


accurate to 1/10% 


THE E. & A. FALLING DROP APPA- 
RATUS includes all equipment, chemicals 
and tables for bedside or laboratory analyses 


Furnished with GUTHRIE PIPETTE FILLER 


The specific gravity 
of a body fluid varies 
directly with the time 
required for a unti- 
form - sized drop to 
fall a measured dis- 
tance. 


The Falling Drop technique for measuring specific gravity has been the subject 
of considerable research and is now being applied for the diagnosis and treatment 
of such conditions as shock, hemorrhage, post-operative relapse, pregnancy, 
nephritis, etc. The Eimer & Amend Falling Drop Apparatus is well suited for 
laboratory and bedside use in determining the specific gravity of body fluids by 
this technique because it requires only a 0.02 to 0.03 ml. sample and readings 
can be made in a minute. The accuracy of 0.1%, the simplicity of use and the 
complete mathematical tables recommend this apparatus for use in conjunction 
with the Fisher Electro-Hemometer (for hemaglobin content) and the Fisher 
Safety Centrifuge (for volume of packed cells). 

In use, a drop of body fluid is released in a liquid and its rate of fall between 
two marks, 30 cm. apart, is noted. Then a drop of solution of known specific 
gravity is timed in the same way and these two figures are referred to the align- 
ment chart and the exact specific gravity of the body fluid is obtained. Al! the 
aecessary chemicals and accessories, including a Guthrie Pipette Controller. are 
supplied with the apparatus. 


Eimer & Amend Falling Drop Apparatus ......................000000e008 $65.00 


Headquarters for Laboratory Supplies 


FISHER SCIENTIFIC CO. EIMER ann AMEND 


717 Forbes St., Pittsburgh (19), Pa. Greenwich and Morton Streets 
2109 Locust St., St. Louis (3), Mo. New York (14), New York 


In Canada: Fisher Scientific Co., Ltd., 904 St. James Street, Montreal, Quebec 
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